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January 1973 EDITORIAL COMMENT 1
Q U I L L  O N  S C A L P E L  This section
provides a medium through which Canadian 
surgeons can declare themselves, briefly and in­
formally, on the day-to-day affairs of surgery.
THE CASE REPORT IN 
SURGICAL LITERATURE
Among- the manuscripts submitted 
for review, your editors receive many 
reports of the management of individu­
al cases or of small series of four or 
five. Hitherto there have been no guide­
lines to help us in deciding on the ac­
ceptance or rejection of such reports 
and therefore a discussion of the role 
o f case reporting in the surgical litera­
ture appears opportune.
Each patient within his or her own 
setting is unique, for each patient con­
stitutes an individual presentation of 
illness or disease. Certain features of 
each case, either alone or in combina­
tion, are never found in identical fash­
ion in any other patient. In the more 
frequent illnesses, these unique differ­
ences are generally minimized or elimi­
nated from our thought processes by 
the creation of categories or subcate­
gories contained within the scope of 
that particular diagnosis. By doing this 
we mentally create an “ average” pre­
sentation of the disease. This is the 
textbook approach. This average pre­
sentation is then utilized as a reference 
point in thinking about specific patients 
and in managing specific problems. It 
provides a framework called the “ classic 
case”  or “ classic description” .
Occasionally, a patient presents with 
bizarre combinations of signs, symp­
toms or other manifestations of a com­
mon disease which are so widely diver­
gent from the “ classic”  presentation, 
that his case becomes of particular in­
terest. These deviations impose dif­
ficulties of diagnosis or management. 
They can involve fascinating problems 
in logic and demand ingenuity o f thera­
py if disaster is to be averted and suc­
cess achieved.
Each disease entity, if seen in large 
enough numbers, will be found to pre­
sent a spectrum of signs and symptoms 
that extends across a broad front. At 
each end of that spectrum there are a 
group o f unusual manifestations o f the 
disease far from  the “ classical”  present­
ation. Case presentations can and 
should illustrate these extremes and 
enable them to be viewed in perspective 
in relation to the “ usual” case. In this 
way they assist in defining the dimen­
sions o f the disease. Such cases should 
be reported in a manner which relates 
them to the mean with emphasis on 
their place in the commonalty of fea­
tures rather than on their divergencies. 
The reader is unlikely ever to be faced 
with the management of such peripheral 
combinations yet can reinforce his 
knowledge o f the disease, be helped to 
understand its problems and supported 
in his approach to the cases he must 
handle which will inevitably tend to 
cluster closer to the classic position. 
From such a case report the author 
gains insight into its relationship to the 
general presentation of the disease. The 
reader also takes from the description 
something o f value as he is encouraged, 
like the author, to identify in this 
unique patient common grounds with 
his own experience of the condition.
Among the many diseases treated by 
surgeons, there occur a few  o f great 
rarity. This may be because the disease
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is non-existent in Canada, or because 
the anomaly is truly infrequent and not 
merely a distant aberration of a more 
common phenomenon. These cases, too, 
are worth reporting, not in the expect­
ation that many colleagues may be 
called upon to identify and manage the 
disorder, but because they wish to be 
cognizant of the breadth of surgical 
practice in Canada. Presentation of 
these cases should relate them to world 
problems of the condition concerned and 
should provide readers with a brief dis­
cussion of its general aspects. The 
thrust of such a report should be a re­
view of what is known about the rare 
entity, rather than merely a description 
of a specific case which highlights only 
a few facets of the problem. By 
preparing his report the author is given 
an opportunity to become conversant 
with the dimensions of the disease as it 
exists elsewhere, while the reader is 
informed of the problem by a capsule 
discussion of it. The bibliography, which 
should always be supplied, also makes 
an important contribution to this type 
of case report.
It is hoped that these remarks will 
offer some direction to those who con­
sider submitting for publication ac­
counts of cases which have widened 
their own experience and will be of 
benefit as well as interest to others.
C. B. M ueller
COLON CANCER AND SURGICAL 
AGGRESSIVENESS
This issue (page 28) presents the re­
sults of a study undertaken at the 
Notre-Dame Hospital in Montreal to en­
quire into the surgical techniques and 
the degree of surgical aggressiveness 
of a group of surgeons as they cared 
for patients with carcinoma of the 
colon. It has been generally accepted in 
the surgical world that a more aggres­
sive, more radical approach to the treat­
ment of cancer will result in better sur­
vival. This study addresses itself to that 
problem and concludes that the thesis is 
true.
It is difficult to be sure that the fac­
tor of more extensive resection is the 
single critical element that distin­
guishes one set of outcomes from an­
other. Identity of the populations con­
stituting the various groups is a crucial 
prerequisite for reaching such a conclu­
sion, but general patient management, 
initiative, preoperative and postoper­
ative care also play a role in outcome. 
However, this study does provide food 
for thought as it acknowledges that ade­
quate surgical technique and realistic 
resectional boundaries do play a role 
in patient management and constitute 
standards which all who deal with prob­
lems of this nature must strive to attain.
C. B. Mueller
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R E V I E W  A R T I C L E
SHORT-GUT SYNDROME: A REVIEW WITH A CASE REPORT
G. W. MACKENZIE, M.D.,* G. R. BOILEAU, M.D., F.R.C.S.[C], F.A.C.S.+ and 
W. R. ST. CLAIR, M.B., Ch.B., M.R.C.P.,J Edmonton, Alta.
T he first patient who survived follow ­
ing- extensive intestinal resection was 
reported in 1881.1 Since then, much has 
been learned concerning the pathophy­
siology and treatment o f the short-gut 
syndrome. This knowledge has enabled 
patients to survive who in the past 
would have been considered unlikely to 
do so. This paper describes the three- 
year management and successful re­
habilitation o f such a patient and 
presents as a review a discussion o f 
the short-gut problem.
Case R eport
A 60-year-old white male feedmill worker 
was admitted to the Edmonton General 
Hospital on June 26, 1969 with generalized 
abdominal pain and vomiting of several 
hours’ duration. He had been feeling well 
before the onset of the pain and he had 
a history of good health. The significant 
findings on physical examination were gen­
eralized abdominal tenderness and guarding 
and absence of bowel sounds.
He had a leukocyte count of 20,000/c.mm. 
with 84% neutrophils. The serum amylase 
was 260 Somogyi units/100 ml. A plain 
lateral decubitus radiograph of the ab­
domen demonstrated air-fluid levels in the 
small intestine. Within hours blood-tinged 
fluid began to appear in the nasogastric 
tube and the patient passed a small amount 
of similar fluid per rectum.
At operation it was discovered that 90% 
of the small intestine was non-viable. A re­
section was performed extending from ap­
proximately 12 inches distal to the liga­
ment of Treitz to the left side of the trans­
verse colon. The short length of jejunum 
that remained was anastomosed end-to-end
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to the transverse colon. The resected speci­
men of bowel was infarcted secondary to 
superior mesenteric artery thrombosis. The 
specimen measured 405 cm. in length, sug­
gesting that the patient’s total bowel length 
was less than average.
The patient did well in the immediate 
postoperative period. He was maintained 
by intravenous alimentation and on the 
seventh day was started on graduated 
amounts of liquids orally. After two more 
weeks his oral intake was increased to a 
high carbohydrate, fat restricted, pureed 
diet.
Diarrhea became an immediate problem. 
To limit the volume of his diarrhea oral 
intake had to be small. To provide adequate 
caloric intake and to combat fluid and elec­
trolyte losses intravenous supplementation 
was maintained.
Because gastric hypersecretion frequently 
follows intestinal resection and aggravates 
the diarrhea (see following discussion), 
fasting gastric secretions were collected. 
No increase in their volume could be de­
tected in the fasting state. However, after 
eating, the patient frequently vomited as 
much as 1000 to 1200 ml. of acid liquid 
material despite an oral intake much less 
than this amount. Also his daily bowel 
movements often consisted of several litres 
of acidic liquid stool, the pH being as low 
as 2.0. This was assumed to be the result 
of postprandial gastric hypersecretion. 
Therefore on July 28, 1969, approximately 
five weeks after the resection, vagotomy 
and pyloroplasty were performed.
At operation the remaining section of 
jejunum was found to be dilated and ap­
peared to have lengthened. Within a week 
of the vagotomy and pyloroplasty the pa­
tient’s oral dietary intake was resumed. He 
no longer vomited and the marked gastro­
colic reflex that had been present before 
operation disappeared. The number of 
bowel movements decreased, from the 10 
to 12 per day he had passed before the 
vagotomy and pyloroplasty, to four or five 
while on the same diet.
Three days after operation he became 
jaundiced and his serum glutamic oxaloace-
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tic transaminase rose to 1140 units/ml. The 
liver damage was attributed to either an 
unusually early onset of serum hepatitis 
from previous blood administration or an 
idiosyncratic reaction to the second halo- 
thane anesthetic within six weeks. For­
tunately, the patient’s liver function slowly 
returned to normal and, clinically, he 
seemed to suffer little from the complica­
tion.
As the patient’s dietary intake was in­
creased the number of bowel movements 
rose again to approximately eight per 
day. Intravenous hyperalimentation using 
concentrated solutions in large veins was 
not employed, although at times it seemed 
that this would be necessary. Electrolyte 
imbalance was never a major problem but 
hypoproteinemia occurred, especially when 
the diarrhea was severe. Efforts to control 
the diarrhea with parenteral codeine or 
diphenoxylate-atropine compound were un­
successful.
The dietary objective was a high calorie, 
high carbohydrate, restricted protein, low 
fat diet. To provide a palatable diet low 
in fat and high in calories required much 
effort by the dietary staff. The task was 
made easier by the patient’s wife. She pre­
pared meals at home and brought them to 
the hospital. The home cooking improved 
the patient’s appetite and his caloric in­
take increased to the point where intra­
venous therapy was discontinued; on Sep­
tember 29, 1969, three months after resec­
tion, the patient was allowed to go home. 
He did surprisingly well out of the hospi­
tal. His weight stabilized at 120 to 125 lbs. 
which, for his height of five feet six inches, 
was considered acceptable. His vitality in­
creased and, although he retired from his 
job, he was able to function normally at 
home.
Today he looks and feels well. He still 
has more than five bowel movements per 
day but rather than follow a more re­
strictive diet, he has opted for palatability 
and tolerates the frequent trips to the bath­
room well. Fortunately, perianal excoriation 
has not troubled him as much as it fre­
quently does similar patients.
Since his discharge from hospital in 
September 1969, he has been readmitted on 
several occasions for evaluation of his ab­
sorptive function and assessment and reg­
ulation of his diet. Also, different treat­
ment regimens were evaluated—the descrip­
tion and effects of which will be outlined 
in the following discussion.
Stages of Management
Since Althausen’s2 paper in 1950 it 
has been customary to divide the man­
agement and recovery of patients with 
extensive intestinal resections into 
stages.
The first stage covers the normal 
postoperative period of recovery and 
the period in which the patient is main­
tained solely by intravenous alimenta­
tion. The development and improvement 
of techniques in intravenous hyper­
alimentation3 have made it possible to 
prolong intravenous support until the 
gut becomes more adapted to oral in­
take. In the absence of severe under­
lying illness, surgical complications, or 
complications from prolonged intra­
venous therapy, the management of this 
stage should not be difficult.
When oral intake is permitted the 
second and most difficult stage of man­
agement begins. Diarrhea becomes 
severe and the resultant loss of fluid 
and electrolytes and the patient’s in­
ability to absorb sufficient calories re­
quire that intravenous supplementation 
be continued. The initiation of oral in­
take depends on the extent of the re­
section and the patient’s response to 
feeding. Our patient was probably 
started earlier than is advisable in most 
cases of similar severity. However, in 
this case intravenous hyperalimenta­
tion was not employed and oral intake 
had to be started early. Feeding was 
graduated, the intake being “titrated” 
against the severity of the diarrhea. 
Our attempts at controlling the diarrhea 
with Kaopectate, diphenoxylate-atro­
pine compound and high doses of pa­
renteral codeine were unsuccessful, such 
failure being the finding of others treat­
ing cases of a similar nature.4"6 How­
ever, in less extensive resections or 
when absorptive function improves high 
doses of parenteral codeine can be bene­
ficial.
Our patient, like many others, de­
veloped vomiting and a marked gastro­
colic reflex when feeding was started. 
The vomiting is thought to be caused 
by delayed gastric emptying. The cause
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of the delay is unknown but it may in­
volve a defect in some feedback mechan­
ism regulating gastric emptying.7 For­
tunately it appears to be transient. In 
our patient both the vomiting and the 
hyperactive gastrocolic reflex disap­
peared after the vagotomy and pyloro­
plasty.
With severe diarrhea electrolyte 
losses can be substantial. In particular, 
potassium loss often requires parenteral 
replacement in large quantities, and 
when steatorrhea is severe, electrolytes 
such as calcium and magnesium may 
need to be replaced.8' 8 A failure to recog­
nize a magnesium deficiency can result 
in death from convulsions as Duval re­
ported.10 The effect of magnesium 
depletion is usually delayed and ad­
ministration need not be started imme­
diately. It should be given parenterally 
until absorptive function improves be­
cause when administered orally magne­
sium salts have a cathartic action. 
When this patient’s serum magnesium 
dropped below normal he was given 5 
ml. of 50% magnesium sulfate intra­
muscularly twice weekly. This amount 
was reduced over the following months 
and eventually he was given magne­
sium oxide orally.
Iron supplementation is occasionally 
required although most iron absorption 
occurs in the duodenum and upper jeju­
num.
Water-soluble vitamins can be ad­
ministered orally. If steatorrhea is se­
vere the fat-soluble vitamins A, D and 
K may have to be administered intra­
muscularly.
The absorption of vitamin B12 is local­
ized to the ileum, therefore our patient 
has received vitamin B,2 injections, 
100 fig. monthly. He will require these 
injections for life.
Dietary management in the second 
stage of recovery is difficult. Isotonic 
mixtures are better tolerated but event­
ually hypertonic feedings are required 
to provide more calories. Initially these 
hypertonic feedings produce a marked 
increase in diarrhea, but with trial and 
error and frequent small feedings the
patients will eventually tolerate them. 
The use of elemental diets similar to 
those experimented with by the Na­
tional Aeronautics and Space Agency in 
the American space program have been 
used with success.11 The basic consti­
tuents of these “space diets” are glu­
cose, sucrose and 1-amino acids. They 
contain no fat and quantity for quan­
tity seem to be absorbed more complete­
ly than most diets. Unfortunately they 
are quite unpalatable and often have 
to be administered by tube.
As the diet is enriched, carbohydrate 
should be added first followed by in­
creasing amounts of protein. This order 
is in accord with the knowledge that 
after intestinal resection recovery of 
carbohydrate absorption precedes that 
of protein absorption. Seven months 
after the resection this patient’s D-xy- 
lose absorption was normal (blood level 
41.4 mg./lOO ml. 120 minutes after 
loading, five-hour urinary excretion 
20% ) .
Eventually, as the gut adapts and fat 
absorption improves, the patient can be 
supported by oral intake alone. In our 
patient this third stage of management 
was reached after three months but it 
may be delayed longer in some cases. 
Although fat absorption improves, it 
can still be markedly impaired. This pa­
tient’s stool fat excretion was initially 
50% of a 60 g./24 hr. intake and it is 
still about 20% of an 80-g. intake.
I n testin al  A daptation
The portion of intestine that remains 
will adapt by dilatation and elongation, 
these being the most important factors 
in survival. These changes, coupled with 
villus hypertrophy, provide an increased 
surface area for absorption.12 In addi­
tion, cellular hyperplasia within each 
villus increases the number of mucosal 
cells available for absorptive work.13 As 
well, each epithelial cell seems to in­
crease its absorptive capacity.14 Fig. 1 
demonstrates the compensatory dilata­
tion, elongation and mucosal-fold con­
figuration of the jejunum seven months 
after resection.
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Fig. 1.—Barium meal performed seven 
months after intestinal resection outlines the 
remaining small and large intestine. The 
jejunal segment is shown to be markedly 
dilated with a coarse mucosal configuration.
V a g o t o m y  a n d  P y l o r o p l a s t y  for
G a s t r ic  H y p e r se c r e t io n
In 1914 Stassoff15 demonstrated that, 
in the dog, gastric secretion increased 
following intestinal resection. These 
findings have been confirmed in other 
animal studies and in man.16 This hyper­
secretion may contribute to diarrhea by 
increasing the intestines’ electrolyte and 
fluid load and by creating an acid pH 
in the bowel lumen, thereby inhibiting 
carbohydrate absorption and pancreatic 
enzyme function. Also, the acid secre­
tion irritates the bowel mucosa causing 
increased motility, decreased absorp­
tion and, in extreme cases, actual sec­
retion of fluid and electrolytes.
It is now generally agreed that 
proximal bowel resections cause the 
greatest amount of gastric secretion,17 
and that hypersecretion is chiefly post­
prandial, as in our patient.
The mechanism of the gastric hyper­
secretion remains uncertain. It may 
reflect loss of an inhibitor substance 
such as serotonin or histaminase.17'19 
Others have suggested the presence of a 
secretogogue.20'22
The use of vagotomy and pyloroplasty 
in patients with gastric hypersecretion 
resulted from the observation that pa­
tients who had had partial gastrectomy 
or vagotomy and pyloroplasty before 
intestinal resection fared better than 
those who had not.16 In 1964 Frederick 
and Craig10 did vagotomy and pyloro­
plasty after intestinal resection in dogs 
and increased the animals’ survival. 
They also demonstrated that if the 
vagotomy and pyloroplasty were de­
ferred until six weeks after the resec­
tion, the dogs did better. It is postulated 
that in the early stages of recovery the 
function of the pyloric valve may be 
advantageous by allowing the gastric 
secretions to dilute the hypertonic feed­
ings to isotonicity.23
The vagotomy and pyloroplasty were 
performed in this patient five weeks 
after resection and were considered to 
be beneficial. However, it has been ar­
gued that these procedures, if indicated, 
should be delayed even longer, i.e. until 
the diagnosis and effect of gastric 
hypersecretion can be more readily de­
termined. In the early stages diarrhea 
is often severe and the pH of the stool 
is low owing to rapid transit of gastric 
contents and to carbohydrate fermenta­
tion. This makes patient evaluation dif­
ficult; therefore some patients who are 
initially considered to be hypersecre- 
tors, may not be.
Even though vagotomy and pyloro­
plasty are known to be beneficial when 
gastric secretion is present, it could be 
argued on theoretical grounds that 
vagotomy should be contraindicated in 
a patient with a malabsorption syn­
drome. Studies in dogs have shown a 
decline in pancreatic secretion and a 
substantial reduction in intestinal blood 
flow following vagotomy.24 Ballinger23 
considered that, in dogs, reduction in 
blood flow following vagotomy was re­
sponsible for steatorrhea and for the
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loss of the tips of intestinal villi. This 
was a transient phenomenon and the 
same effect has not been demonstrated 
in man. Nevertheless, post-vagotomy 
diarrhea is a recognized entity and 
it seems paradoxical that this pro­
cedure can be used for the alleviation of 
diarrhea in some short-gut patients.
Malabsorption of Fat and  
B ile Salts
There is no doubt that the diarrhea in 
short-gut patients is largely due to the 
defects in fat and bile-salt absorp­
tion.2630
The defect in fat absorption involves 
primarily a reduction in surface area 
for absorption. Normally the jejunum 
is the preferential site for absorption 
but both the jejunum and ileum will ab­
sorb fats, hence the defect is largely 
related to the extent of small-bowel re­
section rather than the site. In a short 
gut, adaptation or recovery of fat ab­
sorption is slow and is never complete 
in severe cases.
Unabsorbed fats are converted into 
soluble soaps within the gut. These 
soluble soaps are primarily sodium salts 
of long-chain triglycerides and they 
possess the detergent property of 
solubility in lipid and aqueous media. 
Because lipid is a principal component 
of the cell membrane, detergents tend to 
disintegrate cells by dissolving their 
membranes in the surrounding aqueous 
environment. This accounts for the 
cathartic action of unabsorbed fats and 
is the mechanism of action of castor oil.
Similarly, bile salts if unabsorbed can 
also act as detergents. They group into 
clusters of molecules called micelles 
which have both lipophilic and hydro­
philic properties which account for their 
ability to emulsify or solubilize fats. 
This detergent property is responsible 
for the irritant action of bile whether it 
be in the large bowel or peritoneal 
cavity.
Since bile salts are actively absorbed 
in the ileum and passively in the jeju­
num, a bowel resection, particularly 
when it involves the ileum, can grossly
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interfere with the absorption of these 
salts. Because the enterohepatic circula­
tion of these salts is a dynamic one (i.e. 
occurring several times a day) inter­
ference in absorption results in a rapid 
depletion of the bile-salt pool, and bile- 
salt excretion by the liver becomes de­
pendent on de novo synthesis. This syn­
thesis is inadequate for normal digestive 
requirements, thus the diarrhea is ag­
gravated both by the irritant effect of 
the unabsorbed bile and by inadequate 
solubilization of fat.
Methods can be employed to reduce 
the irritant effect of unabsorbed fat and 
bile. In our patient calcium carbonate 
was administered in a high dose, 12 g ./ 
day, in an attempt to bind the unab­
sorbed fats as insoluble calcium soaps, 
thereby decreasing their irritant prop­
erties. Experiments have been per­
formed in man where very high doses of 
calcium carbonate, up to 30 g./day, 
have succeeded in doing this. Our pa­
tient appeared to improve as the daily 
volume of stool decreased; unfortun­
ately, after a couple of months he de­
veloped a ureteral calculus. The calculus 
was passed spontaneously but the cal­
cium administration had to be discon­
tinued.
Cholestyramine, a non-absorbable 
anion-exchange resin, will bind bile salts 
in the intestine. This property has re­
sulted in its use in short-gut patients31 
in the hope that the irritant effect of 
the bile salts would be decreased. It has 
been shown to be beneficial in patients 
with limited (less than 100 cm.) resec­
tions, but was not considered to be ef­
fective when the resection was more ex­
tensive. In agreement with these find­
ings, we found that cholestyramine in 
the recommended daily dose of 12 g. 
was of no value in our patient and, in 
fact, aggravated the diarrhea.
M edium -Ch a in  Triglycerides
In recent years much attention has 
been given to the dietary use of medi­
um-chain triglycerides in treating pa­
tients with various malabsorption syn­
dromes.32 It is known that medium-chain
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triglycerides are more readily absorbed 
than long-chain triglycerides, but un­
fortunately the latter make up 90% of 
our dietary fat intake. Unlike the long- 
chain triglycerides, medium-chain tri­
glycerides are absorbed without prior 
emulsification or solubilization, al­
though absorption is better if pancre­
atic lipase and bile salts are available. 
Furthermore, most of the medium-chain 
triglycerides are hydrolyzed by a muco­
sal cell lipase which does not affect the 
long-chain triglycerides. This cellular 
hydrolysis allows direct transport of the 
medium-chain triglycerides to the liver 
via the portal vein, thus bypassing chy­
lomicron formation required by the 
long-chain triglycerides.
We have used medium-chain tri­
glycerides in this patient for two years. 
Principal sources have been fraction­
ated coconut oil and P'ortagen (Mead 
Johnson). Recipes are available which 
allow varied utilization of these sub­
stances. In general, the coconut oil is 
used where regular vegetable oil might 
be used. The good health enjoyed by the 
patient and the tolerance of a daily fat 
intake of 70 to 80 g. is considered as 
subjective evidence of their value. How­
ever, stool fat excretion is still very 
high at 15% to 20% of intake.
Surgical Prolongation of
Transit Time
Different investigators have sug­
gested the use of various operative pro­
cedures for prolonging the intestinal 
transit time, thereby hoping to increase 
absorptive capability and reduce the 
diarrhea. These procedures have in­
cluded formation of reversed intestinal 
segments,33'35 the production of partial 
mechanical obstructions,36 and the cons­
truction of recirculating loops.37 The de­
cision to employ one of these measures 
in a patient with an extremely short gut 
should be made carefully as an atten­
dant risk is further loss of functional 
bowel. The reversed segment seems to 
be useful for controlling severe ile­
ostomy diarrhea but a common com­
plication is the production of a total
bowel obstruction. With regard to recir­
culating loops, one wonders whether 
they are required in patients with 
enough gut to permit their construction. 
As well, the potential problems of short- 
circuiting and volvulus of the loop are 
serious ones.
Fatty Infiltration of the Liver
It has been observed that people who 
undergo an intestinal bypass procedure 
for obesity may develop fatty infiltra­
tion of the liver.38 40 The etiology of the 
infiltration remains obscure but it is 
thought to involve a deficiency through 
malabsorption of the amino acids 
choline and methionine. In relation to 
the liver, choline is lipotropic, that is, it 
permits the release of lipids from the 
liver. More precisely, choline is a consti­
tuent of the phosphatide lecithin. In or­
der for lipid to be mobilized and trans­
ported out of the liver much of it must 
be in the form of phosphatides. There­
fore when there is a deficiency of lipo- 
tropics, phosphatides are not formed 
and fat tends to accumulate in the liver.
Although a fatty liver is commonly 
associated with bypass procedures, it is 
seldom reported in cases following re­
section. Our patient has had repeated 
liver biopsies and to date there is no 
evidence of fatty infiltration (Fig. 2). 
Why there is this discrepancy remains 
uncertain. One factor may be that the 
morbidly obese patient who undergoes 
an intestinal bypass presents a large 
lipid load to the liver which is inade­
quately mobilized for the reasons men­
tioned and therefore fatty infiltration 
occurs.
It has also been suggested that bac­
terial overgrowth within bypassed loops 
may cause the breakdown of choline into 
the lipotropically inactive form, trime- 
thylamine.
Pancreatic Insufficiency
Insufficiency of the exocrine func­
tion of the pancreas has been shown to 
occur in several malabsorption states 
including the short-gut syndrome.41' 42 
The pathologic defect is acinar atrophy
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Fig. 2.—Liver tissue, seven months a f te r  a 
m assive in testin al resection. The specimen 
was obtained five m onths a f te r  an acute epi­
sode of hepatitis and the section shows chronic 
inflam m atory cell invasion in a portal canal 
area. However, th ere is no evidence of fa tty  
m etam orphosis or fibrosis (H  & E, original 
m agnification X 140).
w ith fibrosis. Enzym e production, p a r ­
ticu larly  of lipase and amylase, is re ­
duced. W hy th is insufficiency occurs is 
unknow n but it is postulated th a t  
am ino-acid m alabsorption may im p air 
enzyme form ation. Also, th ere  m ay be 
an a lteratio n  in the regulating  m echan­
ism s of pancreatic  function.
We have adm inistered pancreatic  en­
zymes to our patient, not only because 
of a possible pancreatic insufficiency 
b u t because exogenous pancreatic  en­
zymes have been shown to increase f a t  
absorption in norm al individuals as well 
as in people w ith pancreatic  disease .43 
T h eir adm inistration  seemed to have 
little  if  any effect. However, it is pos­
sible th a t  in the fu tu re  pancreatic in su f­
ficiency m ay develop, necessitating th e  
use of exogenous pancreatic  enzymes.
C o n c l u s io n
The patien t described in this p ap er 
can be placed in a category reserved fo r 
the m ost severe cases of the short-gut
syndrom e. These severe cases can be 
g re a t therapeutic  challenges, b u t s u r­
vival and, m ore im portan t, reh a b ilita ­
tion of these patients dem and m ore 
than  careful m anagem ent and ph y si­
cian stam ina. They usually require  th e  
absence of severe underly ing  illness or 
com plications and th e  utm ost p a tie n t 
co-operation and psychologic endurance 
in the face of w hat can be a m iserable 
illness. If  these criteria  a re  fulfilled, the 
knowledge now exists fo r successful 
m anagem ent of these cases so th a t  s u r­
vival as described in th is  paper should 
be not unusual but expected.
U nfortunately , not all cases a re  free  
of com plications and occasionally e x te n ­
sive resections are required  which a re  
incom patible with life. T herefore  m or­
bidity  and m ortality  a re  still high. P e r­
haps, in th e  future, in testinal hom o­
tra n sp la n ta tio n  will provide fo r  the  
norm al survival of p a tie n ts  now con­
sidered unlikely to recover.
S u m m a r y
A p atien t w ith a severe sh o rt-g u t syn­
drome who was followed-up fo r th re e  
years is used to illu stra te  the m an ag e­
m ent of p atien ts w ith  th is  syndrom e.
The three  stages of m anagem ent in ­
volved intravenous alim entation, p ro ­
gressive feeding w ith in travenous su p ­
port and, finally, oral in tak e  alone. The 
im portance of intestinal a d ap ta tio n  and 
the m echanism s involved are  discus­
sed. Since vagotom y and pyloroplasty  
successfully controlled th e  g a stric  h y ­
persecretion in this m an, the  topic  of 
g astric  hypersecretion is considered 
in detail. The problem s of im paired  f a t  
and bile-salt absorption are  considered 
to be im p o rtan t in causing  d ia rrh e a  in 
short-gut patients. T herefore  m ethods 
to im prove f a t  absorption and decrease 
th e  i r r i ta n t  effect of unabsorbed f a t  
and bile a re  presented. A lthough th e  
prognosis fo r  this p a tie n t or s im ila r 
patien ts is considered to be good, th e  
possibility of fu ture  problem s such as 
fa tty  in filtra tio n  of th e  liver and  exo­
crine pancreatic  insufficiency m u st be 
considered.
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Even with our present knowledge of the problem, it is concluded that sur­vival in severe cases of short-gut syn­drome often depends on an absence of severe underlying illness and complica­tions and that patient co-operation and psychologic endurance are essential.Intestinal homotransplantation is suggested as the future hope for those patients who are now considered un­likely to recover.
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R esu m e
Cet article presente un cas de syndrome de 
l’intestin court, trois ans apres resection in- 
testinale. L’auteur discute egalement les prin- 
cipes du traitement de ce syndrome.
Les differentes etapes de la reeducation 
alimentaire ont ete mentionnees, soulignant 
l’importance de tous les mecanismes impliques 
dans la readaptation intestinale. Comme une 
vagotomie avec pyloroplastie ont ete benefi- 
ques pour notre patient, l’hyperacidite gastri- 
que fut discutee. Chez ces patients, les proble- 
mes de malabsorption des graisses et des sels 
biliaires etant consideres comme tres impor- 
tants dans la production de la steatorrhee, on 
a presente differentes solutions pour faciliter 
l’absorption de ces graisses et diminuer l’effet 
irritant des produits non absorbes. Bien que 
de tels patients gardent un bon pronostic, d’e- 
ventuels problemes tels que 1’infiltration grais- 
seuse du foie ou l’insuffisance du pancreas 
exocrine demeurent des possibility.
Meme avec ces connaissances actuelles, il 
appert que la survie des cas severes de malab­
sorption apres resection intestinale repose sur 
l’absence d’une autre maladie debilitante, et 
que la co-operation du patient, ainsi que son 
endurance psychologique, sont essentiels.
Enfin, l’homo-greffe intestinale fut suggeree 
comme futur espoir pour les cas severes actu- 
ellement consideres comme ayant peu de chan­
ces de survie.
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SYNERGISM OF ACID AND BILE SALTS IN THE PRODUCTION OF 
EXPERIMENTAL ESOPHAGITIS*
R. D. HENDERSON, M.B., F.R.C.S.[C],f F. L. MUGASHE, B.Sc., M.D.,t 
K. N. JEEJEEBHOY, M.D., F.R.C.P.[C],§ M. M. SZCZPANSKI, D.V.M.,+
J. CULLEN, M.D.jf G. MARRYATT, R.N.A.|| and A. BOSZKO, M.D.,J Toronto, Ont.
Clinical esophagitis frequently de­
velops in association with reflux of acid 
gastric contents into the esophagus.1-4 
Reflux of acid, however, is not the only 
cause of esophagitis because this condi­
tion may develop in totally gastrec- 
tomized subjects5'8 and conversely, pa­
tients with demonstrable reflux may 
have no esophagitis.
It is known that duodenal bile may 
escape into the antrum, and gastritis 
has been attributed to such reflux. The 
present experiment was designed to 
determine whether bile or acid, infused 
separately or together, would produce 
esophagitis.
M a t e r ia l s  a n d  M e t h o d s
Twenty-five conditioned mongrel 
dogs weighing between 15 and 21 kg. 
were divided into six groups (Table I). 
To determine their separate effects, a 
different solution was used for the per­
fusion of the members of each group. 
The solutions used were of bile, bile 
salts, hydrochloric acid and mixtures of 
hydrochloric acid with bile or bile salts. 
During the conditioning process the 
dogs stayed in the animal colony for 
two weeks at the end of which they 
were certified as healthy by a veteri­
narian. Dog bile for the perfusion study 
was obtained from a separate group 
of dogs with cholecystic fistulas.
‘ Supported by Ontario Cancer Treatment and 
Research Foundation Grant 235. 
fAssistant Professor, Department of Surgery, 
University of Toronto, Toronto, Ont. 
^Research Fellow.
§Assistant Professor, Faculty of Medicine, 
University of Toronto.
^Pathologist, Toronto General Hospital.
11 Research Technician.
Address for reprints: Dr. R. D. Henderson, 
Room 118, University Wing, Toronto General 
Hospital, Toronto 101, Ont.
Bile salts certified as 95% pure 
(Celbio Chemicals, Los Angeles, Cali­
fornia) were dissolved in distilled 
water to make a 1% solution and used 
without further purification.
Hydrochloric acid solution 1.0N 
(Fisher Scientific Company) was di­
luted to a 0.1N solution with distilled 
water.
The esophagus was intubated and 
perfused under Innovar-vet (fentanyl, 
droperidol and methylparaben) sedation 
(1 ml./15 kg. body weight). A PE 320 
tube was introduced so that its distal 
end was at the junction of the upper 
and middle thirds of the esophagus; the 
proximal end was connected to a re­
servoir through a drip chamber. The 
flow was regulated with a screw clamp 
to deliver the 100 ml. of test solution 
over a four-hour period. The perfusion 
was repeated daily for 21 days.
Esophagoscopy and Biopsy
Each dog underwent preliminary 
esophagoscopy and esophageal biopsy 
to confirm normal histology. During 
the experiment the esophagus was 
studied by direct observation and by 
biopsy at three-day intervals, and the 
changes were recorded as “ clinical” 
stages of esophagitis according to the 
following classification: Stage 0—nor­
mal mucosa, Stage I—hyperemia of mu­
cosa, Stage II—superficial erosion of 
mucosa, Stage III—ulceration into sub­
mucosa, Stage IV— ulceration with per­
foration and/or stricture (Table II).
At the completion of the study the 
dogs were sacrificed. The esophagus 
and stomach were first photographed 
and then examined macroscopically and 
microscopically. The pathological fea­
tures of the esophageal biopsies and of 
the autopsy specimens were indepen­
dently reviewed by a pathologist (J.C.).
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Esophageal Motility Studies
Before the study began, esophageal 
manometry was done on each of the 25 
dogs. Motility recordings were made 
at three-day intervals during the study, 
using three PE 240 tubes bound to­
gether with side openings 5 cm. apart. 
Constant water infusion was main­
tained at 3.6 ml./tube/min., using a 
modified 2202 Harvard pump. The sen­
sing devices were P23De Statham strain 
gauges and the recording device was a 
1508 Honeywell visicorder.
R e s u l t s
Groups I to IV (15 dogs) .— The dogs 
in the first four groups were perfused 
with the following solutions respect­
ively: normal saline, dog bile, bile-salt 
solutions and 0.1N hydrochloric acid 
(Table I). Any one of these solutions 
produced Stage 0 to Stage 1 esophagi­
tis. The appearance of the mucosa and 
the esophagoscopic staging correlated 
with the histology of the serial (every 
three days) biopsies taken during the 
experiment and those taken at autopsy 
(Fig. 1). In Stage 0 there were no mi­
croscopic changes and in Stage I only 
a mild acute inflammatory infiltrate 
was present.
The effects of saline, bile, 1% bile 
salts and hydrochloric acid alone were 
slight in comparison with the esopha­
geal changes produced by combinations 
of bile or 1 % bile salts and hydrochloric 
acid.
Group V (three dogs) .— The animals 
in this group were perfused with a mix­
ture of 50 ml. of dog’s bile and 50 ml. of 
0.1N hydrochloric acid. This mixture 
produced esophagitis, the intensity of 
which was dependent on the duration 
of the experiment. By the ninth day all 
three dogs had Stage II esophagitis, by 
the twelfth day Stage III esophagitis, 
and by the sixteenth day two dogs had 
developed esophageal stricture (Fig. 1).
Group Via (three dogs) .— Fifty mil­
lilitres of a 1% solution of taurocholate 
was mixed with 50 ml. of 0.1N hydro­
chloric acid. Two of the three dogs 
showed severe esophagitis and died of
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TABLE II.— Esophagoscopic Staging of Esophagitis*
Group I II Ilia Illb IIIc IV V Via VIb Vic
Dog 1 20 3 4 13 18 2 6 7 14 28 11 26 10 21 12 19 17 8 9 17 15 27 16 23
Drip
day Stages oj esophagitis
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2
3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 I I 0 III IV III 0 0
4 IV 0 0
5 0 0 0 0 0 0 0 II II I 0 0
6 0 0 0 0 0 III 0 I
7 0 0 0 0 III II 0
8 0 0 0 0 0 III 0
9 0 0 0 0 0 0 0 III II II
10 0
11 0 0 0 0 0 0 0 0 0 III I 0 I I
12 0 I 0 0 III III III
13 I 0 0 III
14 I 1 0  0 1 I 0 0 IV III III I I II II
15 0 0
16 I I I I I I 0 I IV IIII III
17 I I IV III
18 I 0 I I I I I I I IV III III
19 I II
20 I I I
21 0 I I I I I I I IV IV III II IV
*In Groups I to IV the most severe esophagitis seen was Stage I seen from the twelfth day on. In Groups V 
and VI, with the exception of Group VIb, esophagitis was seen earlier and had progressed to Stage III or 
IV by the twenty-first day.
esophageal perforation after the fourth 
day. By the third day the third dog de­
veloped Stage III esophagitis which did 
not progress to perforation.
Group VIb ( two dogs).— Fifty milli­
litres of a 1% solution of taurodeoxy- 
cholate mixed with 50 ml. of 0.1N hy­
drochloric acid was used. Both animals 
developed Stage II esophagitis by the 
sixteenth day but the lesions were scat­
tered and superficial.
Group Vie (two dogs) .— The infu­
sion consisted of 50 ml. of a 1% solu­
tion of glycocholate mixed with 50 ml. 
of 0.1N hydrochloric acid. Both dogs 
showed Stage I esophagitis by the ele­
venth day and this progressed to Stage 
III in one dog by the sixteenth day and 
in the second dog by the eighteenth day.
The effect of 1% taurochloric acid 
with hydrochloric acid was very severe. 
This was the solution that produced the
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Fig. 1.—Esophagitis was staged at esophagoscopy in each dog. In Groups V and VI, the per- 
centage of dogs with Stages III and IV increased rapidly after the tenth day. In Groups I to 
IV, Stage II esophagitis developed in most dogs by the twenty-first day.
most damage which suggests that tau- 
rocholate is the most active constituent 
of bile in producing esophagitis.
Taurodeoxycholate 1% produced lit­
tle esophageal damage while 1% glyco- 
cholate and hydrochloric acid produced 
inflammatory changes only slightly less 
severe than the mixture of bile and 
hydrochloric acid.
Pathology
Groups 1 to IV (normal saline, hydro­
chloric acid, bile and bile-salt solutions, 
used separately) .— The dogs in these 
four groups had evidence of Stage 0 
and Stage I esophagitis which corre­
lated well with findings at esophago­
scopy.
Group V (bile and hydrochloric 
acid).—These animals developed Stage 
III esophagitis. Microscopy showed 
acute and chronic inflammation, which
involved the mucosa, submucosa and 
muscular wall, and there was fibrosis 
throughout. The effects were most 
marked in the middle third of the eso­
phagus at the site of the drip catheter.
Group Via (1 % taurocholate and hy­
drochloric acid) .—The dogs developed 
severe ulcerative esophagitis with in­
flammation spreading through all 
layers of the esophageal wall and re­
sulting in perforation in two cases.
Group VIb (l°/c taurodeoxycholate 
and hydrochloric acid) .— Inflammatory 
changes were mild and limited to super­
ficial ulceration of the mucosa and sub­
mucosa.
Group Vic (1% glycocholate and hy­
drochloric acid) .—Both dogs had Stage 
III esophagitis macroscopically. The 
histology showed chronic inflammation 
with ulceration. One of the dogs showed 
early stricture formation.
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Esophageal Motility
There was good correlation between 
the degree of manometric change and 
the stage of esophagitis as determined 
by esophageal biopsy and at autopsy.
In Stage 0 to I esophagitis there was 
little evidence of motor defect on the 
manometric tracing. In Stage II there 
were early and variable changes with 
some spontaneous motor activity and 
a general decrease in amplitude of the 
waves. Stages III and IV were as­
sociated with markedly disordered 
motor activity and, in the areas of 
severe esophagitis, with a marked re­
duction of amplitude, or even total ab­
sence of motor activity.
The manometric changes were most 
marked in the areas of visible esophagi­
tis. The end of the drip tube was located 
at the junction of the upper and middle 
thirds of the esophagus, hence the eso­
phagitis and motor defect were predo­
minantly in the mid-esophagus.
D is c u s s io n
The results are of great interest in 
that acid alone and bile or various bile 
salts alone did not cause esophagitis 
under the conditions of the experiment. 
When the agents were infused in com­
bination esophagitis invariably occur­
red. Of the different bile salts tauro- 
cholate was the most effective in pro­
ducing esophagitis when infused with 
acid.
The study is brief and cannot be 
considered as mimicking reflux in the 
human. Long-term studies of dogs by 
this method are precluded partly by the 
great expense involved and also because 
the sedation required for the drip stu­
dies prevents the dogs from eating 
adequately so that their nutrition suf­
fers.
In humans reflux of gastric contents 
into the esophagus has a variable 
effect.9'11 It is well recognized that the 
clinical history and radiologic evidence 
of reflux do not correlate with the stage 
of esophagitis found at esophagoscopy. 
This suggests that other factors are in­
volved as well as the actual quantity or
frequency of reflux. The findings of 
this study suggest that one factor that 
may be important in causing damage to 
the esophagus is the nature of the bolus 
of gastric content concerned in the 
reflux.12'15
C o n c l u s io n
Perfusion of the canine esophagus 
with saline, bile, bile salts or decinor- 
mal hydrochloric acid produced only 
mild esophagitis. Combining bile, glyco- 
cholate or taurocholate with decinormal 
hydrochloric acid produced severe eso­
phagitis.
These findings suggest that the com­
bination of bile and acid is more likely 
to produce esophagitis and that the 
nature of the bolus of gastric content 
that escapes into the esophagus in pa­
tients with a hiatus hernia may well de­
termine whether or not they develop 
significant esophagitis.
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R esu m e
En clinique, l’esophagite se developpe sous 
1 influence d’un reflux du contenu gastrique 
dans Tesophage. Ce reflux n’est cependant pas 
la seule cause de cette pathologie puisqu’elle 
survient parfois chez des sujets ayant subi 
une gastrectomie totale.
Son etiologie a done ete etudiee chez le 
chien, en vue d’etablir le role joue par la bile,
les sels biliaires et l’acide chlorhydrique deci- 
normal, employes isolement ou associes, dans 
la genese de cette pathologie.
Utilisant le neurolepto-analgesique (Inno- 
var-vet) associant le fentanyl, le droperidol 
et le methyl parabene, nous avons donne a 
chaque chien 100 ml de la solution d’essai, ad- 
ministree en perfusion pendant quatre heures 
chaque jour pendant 21 jours. Une esophagos- 
copie a ete pratiquee avant l’epreuve et a trois 
jours d’intervalle pendant 1’etude. II a ete 
constate que l’acide chlorhydrique decinormal, 
la bile et les sels biliaires, administres separe- 
ment, n’ont provoque qu’une forme benigne 
d’esophagite. Par contre, l’association de bile, 
de glycocholate ou de taurocholate avec l’acide 
chlorhydrique N/10 a entraine une esophagite 
severe, entre le septieme et le treizieme jour. 
La solution la plus pernicieuse comportait 50 
ml de taurocholate et 50 ml de HC1; elle a 
provoque la perforation de I’esophage chez 
deux chiens sur trois dans un delai de quatre 
jours.
BILE ESOPHAGITIS*
HARRY S. HIMAL, M.D., F.R.C.S.[C] and 
LLOYD D. MacLEAN, M.D., F.R.C.S.fC], Montreal, Que.
H eartburn  and esophagitis with or 
"Without stricture are usually caused by 
the regurgitation of acid-peptic secre­
tion from the stomach. The evidence 
for this claim is the reproduction of the 
symptoms in subjects by instillation of 
dilute acid into the lower esophagus, 
the demonstration of regurgitation of 
material of low pH from the stomach 
in afflicted patients, the increased in­
cidence of lower esophageal strictures 
in patients with proved duodenal ulcer1 
and the improvement of patients with 
strictures by operations that lower the 
amount of acid-peptic secretion by the 
stomach and ensure good gastric empty­
ing.1
‘ From the Departments of Surgery, Royal 
Victoria Hospital and McGill University, 
Montreal Que.
Supported by a grant from the Medical Re­
search Council of Canada.
Reprint requests to: Dr. L. D. MacLean, De­
partment of Surgery, Royal Victoria Hospital, 
Montreal 112, Que.
On the other hand, evidence that all 
benign strictures of the lower esopha­
gus might not be acid-peptic in origin 
has arisen from several sources. The 
very operations that lower or eliminate 
acid-peptic secretion by the stomach are 
occasionally followed by severe esopha­
gitis. Gillison et al.2 noted a high corre­
lation between the symptoms of heart­
burn and reflux of barium from the 
duodenum into the stomach, suggesting 
that the bile might be an etiologie fac­
tor. Furthermore, in an experimental 
study in primates it has been shown 
recently that gastroesophageal incom­
petence is more likely to lead to esopha­
gitis if the gastric juice contains bile 
than if the reflux is bile-free.3 Bile re­
gurgitation is related to gastritis and 
gastric ulcer in man and for that reas­
on alone may have a similar effect on 
esophageal mucosa.4 Finally, digestion 
and destruction of the living esophageal 
mucosa in cats and dogs have been pro­
duced by diversion of bile to the eso-
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TABLE I —D ata in F ive Patients W ith B ile Esophagitis
Vol. 16
Patient/ 
age/sex
Clinical
symptoms
Predisposing
operations
Curative
operation Result
1. V. G.
48 years 
Male
Heartburn, 
bilious vomiting. 
Esophagoscopy re­
vealed esophagitis 
plus bile-stained 
fluid within the eso­
phagus
Subtotal
gastrectomy, 1967
Conversion of Bill­
roth II gastrectomy 
to gastrojejunosto­
my. Afferent loop 
transposed to the 
jejunum
Marked subjective 
improvement; post­
operative esopha­
goscopy demonstrat­
ed resolution of the 
esophagitis
2. J. M.
57 years 
Male
Heartburn, 
bilious vomiting. 
Esophagoscopy de­
monstrated esopha­
gitis plus bile- 
stained fluid within 
the esophagus
Subtotal
gastrectomy, 1948. 
Esophagogastrecto- 
my, 1968
Duodenojejuno­
stomy
Marked subjective 
improvement; 
postoperative eso­
phagoscopy de­
monstrated the 
absence of esopha­
gitis
3. A. G.
52 years 
Male
Heartburn, 
bilious vomiting. 
Esophagoscopy re­
vealed esophagitis 
plus bile within the 
esophageal lumen
Esophagogastrec- 
tomy, 1969
Roux-en-Y choledo- 
chojej unost omy, 
esophagoplasty
Marked subjective 
improvement; post­
operative esophago­
scopy revealed re­
solution of esopha­
gitis
4. E. T.
50 years 
Female
Heartburn, 
bilious vomiting. 
Esophagoscopy de­
monstrated esopha­
gitis plus bile within 
the esophageal 
lumen
Transthoracic 
vagotomy; retro­
grade dilatation of 
the esophageal 
stricture; transab­
dominal antrectomy, 
1965
Conversion of Bill­
roth I gastrectomy to 
Roux-en-Y ga stro- 
jejunostomy
Marked subjective 
improvement; post­
operative esophago­
scopy demonstrated 
complete resolution 
of esophagitis
5. R. B.
49 years 
Female
Heartburn, bilious 
vomiting. Esopha­
goscopy revealed 
esophagitis plus bile 
within the esophageal 
lumen
Subtotal gastrec­
tomy, 1966. Eso­
phageal cardiotomy 
and transthoracic 
vagotomy, 1968
Conversion of Bill­
roth II gastrectomy 
to gastrojejuno­
stomy, afferent loop 
anastomosed to the 
jejunum
Marked subjective 
improvement; post­
operative esophago­
scopy revealed no 
evidence of esopha­
gitis Ki
phagus and these effects were not al­
tered by total excision of the acid-sec­
reting area.5
This communication summarizes the 
findings, treatment and results in five 
patients with bile esophagitis seen over 
a three-year period from 1967 to 1970, 
in whom efforts were made to divert 
bile from the esophagus without at­
tempting to restore gastroesophageal 
competence in all patients. Despite 
strong theoretical reasons and experi­
mental evidence which would justify 
this clinical approach, the successful 
clinical application of this concept is 
not clearly established in the medical 
literature.
Clinical  F eatures
The important predisposing factors,
curative operation and results are sum­
marized in Table I.
Case R eports
Case 1.— Mr. V. G., aged 48, underwent 
subtotal gastrectomy for an intractable 
duodenal ulcer in 1967. Later that same 
year the patient returned with heartburn 
and hematemesis. Roentgenograms showed 
a hiatus hernia with reflux. Manometric 
studies revealed an incompetent gastro­
esophageal sphincter. The patient was 
achlorhydric. A bland diet and elevation of 
the head of his bed resulted in some clinical 
improvement.
The patient returned again one year later 
with severe heartburn, vomiting and hema­
temesis. Esophagoscopy demonstrated se­
vere hemorrhagic inflammation of the lower 
esophagus with bile-stained fluid within 
the esophageal lumen. Operative therapy
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was recommended and the afferent loop 
of the gastrojejunostomy was transposed 
to the jejunum 25 cm. distal to the gastro­
enterostomy (Fig. 1). The hiatus hernia 
was also repaired using a Nissen procedure. 
Repeat endoscopy showed complete healing 
of the esophagitis at three weeks. There 
was no bile-stained fluid in the lower eso­
phagus and the patient has remained well 
in the intervening four years.
Case 2.— Mr. J. M., aged 57, underwent 
subtotal gastrectomy for duodenal ulcer in 
1944. In 1968 he was admitted to hospital 
because of dysphagia, nausea and vomiting. 
Roentgenograms revealed a hiatus hernia 
with an esophageal stricture and associated 
ulcer. Esophagoscopy with biopsy revealed 
squamous cell carcinoma. An esophagogas- 
trectomy with esophagogastric anastomosis 
was performed (Fig. 2).
Three months later the patient was read­
mitted because of severe dysphagia, nau­
sea, vomiting and severe postural heart­
burn. Roentgenograms showed a stricture 
at the esophagogastric junction with reten­
tion of food and fluid in the esophagus. 
Esophagoscopy demonstrated esophagitis 
with bile-stained fluid within the eso­
phageal lumen. In order to divert bile from 
the esophagus a duodenojejunostomy was 
performed despite the short length between 
this anastomosis and the stomach (Fig. 2). 
The patient’s symptoms immediately im­
proved and repeat esophagoscopy within 
three weeks revealed no bile in the eso­
phageal lumen and no evidence of esophagi­
tis.
Case 3.— Mr. A. G., aged 52, was ad­
mitted to hospital in 1969 because of vomit­
ing and heartburn. Roentgenograms re­
vealed a lesion of the fundus of the stom­
ach extending into the lower esophagus. 
Esophagogastrectomy with pyloroplasty 
and splenectomy were performed for a 
fundic carcinoma localized to the esophago­
gastric area. The postoperative course was 
complicated by severe positional heartburn 
which initially responded to elevation of 
the head o f the bed and antacids. The 
heartburn became worse and two months 
following operation the patient was 
readmitted for further therapy. Roentgeno­
grams disclosed a stricture at the esopha­
gogastric anastomotic site, and esophago­
scopy demonstrated bile in the lower 
esophagus with severe hemorrhagic eso­
phagitis (Fig. 3). A Roux-en-Y choledocho-
Fig. 1.—Predisposing operation and curative 
procedure for alkaline or bile esophagitis in 
Case 1.
Fig. 2.—Esophagogastrectomy for carcinoma 
after subtotal gastrectomy for duodenal ulcer 
was followed by severe alkaline esophagitis. 
Duodenojejunostomy was curative.
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Fig. 3.—Case 3. Stricture with food and fluid 
retention following esophagogastrectomy. Bile 
was present in the lower esophagus.
Fig. 4 .-A  Roux-en-Y choledochojejunostomy 
successfully resolved the esophagitis in Case 
3.
jejunostomy with esophagoplasty was per­
formed (Fig. 4). In the postoperative pe­
riod roentgenograms revealed no evidence 
of a stricture at the esophagogastric 
anastomosis and esophagoscopy demon­
strated normal esophageal mucosa without 
evidence of bile in the lumen (Fig. 5).
Fig. 5.—Case 3. Postoperative roentgeno­
gram.
Case It.— Miss E. T., aged 50, was ad­
mitted to hospital in 1965 because of severe 
dysphagia. Roentgenograms demonstrated 
an esophageal stricture above a fixed hiatus 
hernia. This was interpreted at esophago­
scopy with biopsy to be inflammatory in 
nature. A transthoracic vagotomy, gastro­
stomy, retrograde dilatation of the stric­
ture and transabdominal antrectomy were 
performed (Fig. 6). Roentgenograms in 
the postoperative period showed no obstruc­
tion in the lower esophagus and motility 
studies demonstrated an incompetent gas­
troesophageal sphincter.
One year later the patient was readmit-
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Fig. 6.—Predisposing operation in Case 4.
ted to the hospital because of nausea, dys­
phagia, heartburn and bilious vomiting. 
Esophagoscopy showed severe esophagitis
ROUX-EN-Y 
JEJUNUM TO STOMACH
Fig. 7.—Curative gastrojejunostomy to divert 
bile from the stomach and esophagus.
associated with reflux of bile-stained fluid 
into the lower esophagus. Manometry re­
vealed an incompetent gastroesophageal 
sphincter. A medical regimen consisting of 
a bland diet and anticholinergic and antacid 
medication was prescribed without benefit. 
At operation the Billroth I gastroduode- 
nostomy was converted to a Roux-en-Y 
gastrojejunostomy (Fig. 7). Esophagoscopy 
in the postoperative period showed no bile 
and complete healing of the esophagitis. An 
attempt was made to reduce the hernia 
at the time of the second operation. Post­
operative motility studies showed an in­
competent gastroesophageal sphincter 
mechanism, nevertheless the patient has 
had an excellent result.
Case 5.— A 49-year-old woman, Miss 
R. B., underwent subtotal gastrectomy for 
chronic duodenal ulcer in 1966. From that 
time she complained of dysphagia and re­
trosternal heartburn. In 1968, at readmis­
sion for investigation, a stricture was de­
monstrated in the lower esophagus. Using 
a left thoracotomy, a cardiomyotomy and 
bilateral vagotomy were done. These a f­
forded no relief whatever and the patient 
was admitted to the Royal Victoria Hospi­
tal, Montreal, in September 1970 for com­
plete investigation. Barium studies of the 
esophagus and stomach showed a stricture 
and ulceration of the distal esophagus ( Fig. 
8a). The patient was achlorhydric and eso­
phagoscopy revealed an inflamed and 
friable lower esophageal mucosa. Bile was 
present and during esophagoscopy its con­
tinuous reflux into the lower esophagus 
was observed. At operation the afferent 
loop of the Billroth II gastrojejunostomy 
was connected 25 cm. distal to the gastro- 
jejunal anastomosis. Postoperative roent­
genograms did not demonstrate any nar­
rowing or ulceration of the lower esopha­
gus (Fig. 8b) and esophagoscopy revealed 
complete healing of the esophagitis.
R e s u l t s  a n d  D is c u s s io n
In all five patients alkaline esopha­
gitis was announced by the appearance 
o f  bilious vomiting, dysphagia and sev­
ere postural heartburn. Roentgeno­
graphy was o f  questionable value in 
that the films suggested reflux into the 
lower esophagus in only tw o o f the pa­
tients. Esophagoscopy was the defin i­
tive procedure and in all five patients 
demonstrated extensive low er esopha-
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Fig. 8a Fig. 8b
Fig. 8.—(a) Esophageal stricture with ulceration in Case 5. (b) Postoperative esophago- 
gram showing no destruction or ulceration.
geal inflammation and bile-stained fluid 
within the esophageal lumen. After the 
diverting operation, in each case eso- 
phagoscopy revealed healing of the 
esophagitis and the absence of bile.
In only one patient was the esophago­
gastric sphincter successfully repaired 
(repair was attempted in two of the 
five). Despite this, all patients achieved 
an excellent clinical result. There have 
been no recurrent stomal ulcers in these 
patients, all of whom have a vagotom- 
ized gastric remnant. Drainage of the 
duodenal contents or biliary tract con­
tent away from the stomach and hence 
from the esophagus appears equally 
successful in eliminating this form of 
esophagitis.
The most important mechanism pre­
venting reflux of gastrointestinal con­
tents into the lower esophagus is a 
competent gastroesophageal sphincter. 
All of the patients described in this re­
port developed alkaline esophagitis 
either following a surgical procedure 
which altered the competency of this 
sphincter or with the spontaneous de­
velopment of a hiatus hernia. Following 
resection of the lower esophagus and 
upper stomach it is not possible, in most 
instances, to restore a competent 
sphincter. The success of the procedures 
herein recommended does not depend 
on a competent sphincter.
It is likely that bile regurgitation is 
more frequently the cause of esophagitis 
following vagotomy, esophagogastrec- 
tomy and subtotal gastrectomy than has 
previously been believed. In the past 
this mechanism has been considered 
seriously only in patients who have un­
dergone total gastrectomy.
S u m m a r y
Five patients with reflux of bile from 
the stomach into the esophagus de­
veloped severe esophagitis and incapa­
citating heartburn. All responded to di­
version of bile from the stomach, ob­
taining dramatic subjective and ob­
jective relief of the esophagitis without 
developing a stomal ulcer. In only one 
patient could a competent gastroeso­
phageal sphincter be restored and this 
is not considered an essential part of 
the operation in the clinical settings de­
scribed. Bile may be important in other 
forms of esophagitis where, in the past, 
it has not been considered to be a fac­
tor.
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R e s u m e
Les auteurs presentent cinq malades qui, 
par regurgitation de la bile a partir de l ’es-
tomac, presentaient une esophagite severe et 
un pyrosis qui les frappaient d’incapacite. 
Tous ont bien reagi a une derivation de la bile 
de l’estomac et ont obtenu une amelioration 
subjective et objective spectaculaire de 1’eso­
phagite sans que se soit developpe un ulcere 
au niveau de l’anastomose. Chez un seul de 
ces malades, il a ete possible de retablir un 
sphincter gastro-esophagien fonctionnel, mais 
ceci n’est pas considere comme partie essen- 
tielle de l’operation dans les cas cliniques qui 
sont decrits ici. La bile peut du reste consti- 
tuer un facteur important dans d’autres for­
mes d’esophagite alors que, dans le passe, 
on estimait qu’elle n’y jouait aucun role.
ARTERIAL MICROAUTOGRAFTS: AN EXPERIMENTAL STUDY*
K. MICHAEL HUNTER, M.D., F .R .C .S.[C]f and 
R. M. PEARDON DONAGHY, M.D., F.A.C.S.4  
Calgary, A lta, and Burlington, Vt., U .S.A. ’
As microvascular surgery continues to 
improve, more attempts are made to in­
crease or re-establish regional blood 
flow in a variety of clinical and experi­
mental situations.1"7
The neurosurgeon has attempted to 
improve cerebral blood flow in patients 
suffering from critical extracranial or 
intracranial occlusive vascular disease. 
Both experimentally and clinically in­
vestigators have inserted grafts that 
bypass the area of vascular occlusion. 
The first, and far more common, of 
these procedures has been the rotation 
arterial graft where a normal scalp ves­
sel is dissected out, ligated and divided 
distally, and the distal end of the 
proximal segment is rotated into a new 
position and anastomosed to a cerebral
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ton, Vt. and by the R. Samuel McLaughlin 
Foundation, Toronto, Ont.
fDivision of Surgery (Neurosurgery), Uni­
versity of Calgary, Calgary, Alta.
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Address for reprints: Dr. K. M. Hunter, 359 
Palliser Square East, 115 - 9th Avenue South 
East, Calgary, Alta. T2C 0P5.
vessel distal to the obstructing lesion. 
The superficial temporal artery-cortical 
artery anastomosis developed by 
Donaghy and Yasargil810 is the best 
example of this procedure. Another 
method uses a free, fresh venous auto­
graft extending from the common caro­
tid artery to the intracranial internal 
carotid artery, which bypasses the usual 
internal carotid artery occlusion in the 
neck.11
Despite improved techniques the oc­
clusion rate in these and similar proce­
dures remains disturbingly high and 
most failures now occur in vessels of 
about 1 mm. diameter. This paper de­
scribes a series of 25 rotation and 25 
free arterial grafts in rabbits using ves­
sels 1 mm. or less in diameter, which 
were studied to delineate some of the 
factors that determine success or fail­
ure.
M a t e r ia l s  a n d  M e t h o d s
The junior author (KMH) did the 
procedures after having spent three 
months learning and practising the 
techniques of microvascular suture un­
der the direction of the senior author
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(RMPD). This approach assured a uni­
form technique and a reasonable degree 
of technical expertise.
We used the femoral artery-great 
saphenous artery complex of the rabbit 
because the great saphenous is long, is 
always 1 mm. in diameter or less, and is 
virtually branchless. These features 
make it ideal for rotational or free 
grafts. The body weights of all rabbits 
were in the range of 1.5 to 2 kg. Each 
animal was anesthetized with intra­
venous sodium pentobarbital after atro­
pine premedication. The procedures 
were done under sterile precautions 
and each animal received a single intra­
muscular injection of 200,000 units of 
procaine penicillin G immediately after 
operation. Immediately after the skin 
incision all further dissection and 
manipulation were done with the Zeiss 
binocular operating microscope at 
magnifications varying from X 6 to 
X 25. After the arterial complex had 
been dissected and just before the tem­
porary vascular occlusion necessary for 
a bloodless operative field, each rabbit 
was given sodium heparin, 250 units in­
travenously. This dose produces effect­
ive anticoagulation for one to iy> hours 
— long enough to allow what were of­
ten bilateral suturing procedures. 
Atraumatic temporary occlusion of 
these small vessels was obtained by 
using a very small microtourniquet 
which we constructed specifically for 
this procedure. The details of this meth­
od of temporary occlusion will be de­
scribed in a future publication.
Although some workers9 prefer to ex­
cise a portion of the wall of the “ reci­
pient” artery to obtain an adequate 
opening for end-to-side anastomosis, we 
found that a single transverse incision 
with microscissors produced a symme­
trical smooth opening of easily con­
trolled size which, owing to the longi­
tudinal elasticity of the vessel wall, 
gaped and remained open. In all cases 
the suture used was Ethilon 10-0 mono­
filament nylon on a BV2 or BV3 needle. 
In none did we use an intraluminal stent 
or shunt or attempt to strip off the ad­
ventitia at the site of anastomosis. 
Suturing was best performed at mag­
nifications of X 16 and X 25. The inser­
tion of each suture was simplified by 
the use of very fine jeweller’s thumb 
forceps to manipulate the vessels and a 
straight microneedle driver which is 
freely available from commercial 
sources. We modified this latter instru­
ment by removing the locking device 
and by further reducing the size of the 
jaws with a file. When grasping a vessel 
with the microforceps we found it essen­
tial to grip only the loose adventitia in 
order to avoid trauma to the delicate 
endothelial lining. Bites taken with the 
needle were kept as small as possible 
and the full thickness of vessel wall was 
taken on both the recipient artery and 
the graft.
In the large majority of cases eight 
interrupted sutures were required to 
complete the anastomosis. An occasion­
al extra suture was used to stop un­
controllable hemorrhage. This fine 
suture was tied using two pairs of je­
weller’s forceps.
All anastomoses leaked for the first
A = sites of anastomosis
Fig. 1.—The technique used for rotation and 
free 1-mm. arterial autografts.
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few moments but this was easily con­
trolled by light local pressure.
In 14 rabbits (25 procedures) vary ­
ing lengths of saphenous artery were 
excised and inserted in the femoral a r ­
tery  as free bypass autografts. The 
g rafts  were fixed by end-to-side anasto­
moses above and below a ligature oc­
cluding the femoral artery  (Fig. 1).
In 14 more rabbits (25 procedures) 
the saphenous artery  was fully mobil­
ized but ligated and divided distally 
only. The distal end of the proximal 
segment was brought up and sutured 
end-to-side to the femoral artery above 
a permanent occluding ligature. This, in 
effect, produced a rotation g raft al­
though the flow in the graft was re ­
versed (Fig. 1).
A t periods varying from three to 62 
days the patency of the grafts was de­
termined by angiography or direct in­
spection.
Results and Discussion
Tables I and II set forth the results 
in the 25 rotation grafts  and 25 free 
grafts.
The rotation grafts were successful in 
21 of 25 (84%) while the free g ra fts  
were successful in 19 of 25 (76% ). This 
difference in success ra te  is not s ta tis ­
tically significant. The sim ilarity of re ­
sults was surprising because the  free 
g raft demands two anastomoses (ra the r 
than one) and requires a longer oper­
ating time. Therefore we anticipated a 
lower patency rate in the free g rafts .
From the tables it is evident th a t 
variations in the length and diam eter of 
the g rafts  did not have a consistent ef­
fect on the outcome.
Infection was recorded only if the  
suppurative process directly involved 
the g raft site. Many kinds of technical 
difficulty were encountered but the 
most common were tearing  of th e  reci­
pient a rte ry  during suturing, persisten t 
bleeding a t the suture line which re ­
quired extra sutures and resulted in ste­
nosis of the ostium, and, on one occa­
sion in a free graft, a full 360° tw ist of 
the graft.
In eight of the 10 failures, the g ra f t 
was complicated by significant wound 
infection or by technical difficulties dur-
TABLE I.—Results of Rotation Arterial M icroautografts
Graft
no.
Graft length 
(cm.)
Graft diameter 
(mm.)
Duration
(days) Infecti
i 4.0 1.0 5
2 2.0 1.0 5
3 2.5 0.6 3
4 2.5 0.6 3
5 4.0 0.8 62
6 4.0 0.8 62
7 3.0 0.9 42
8 3.0 0.9 42
9 2.5 0.9 10
10 1.5 0.9 10
11 3.0 0.7 14
12 2.0 0.8 14 X
13 3.0 0.8 14 X
14 3.0 1.0 10
15 3.0 0.9 10
16 3.0 0.8 23
17 3.0 0.8 23
18 2.5 1.0 20
19 3.5 1.0 20
20 4.0 0.8 21
21 4.0 1.0 21 X
22 3.5 0.8 20 X
23 3.5 0.8 20 X
24 3.5 0.8 14
25 8.0 0.7 42
Technical
difficulties Occluded Patent
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
4 21
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TABLE II.— R esults of Free Arterial M icroautografts
Graft
no.
Graft length 
(cm.)
Graft diameter 
(mm.)
Duration
(days) Infection
Technical
difficulties Occluded Patent
i 2.0 0.7 5 X X
2 2.0 0.7 5 X X
3 4.5 0.9 7 X
4 3.0 0.8 7 X
5 4.5 1.0 42 X
6 4.5 1.0 42 X
7 3.0 0.9 30 X
8 2.0 0.9 30 X
9 3.0 0.9 28 X
10 3.0 0.9 28 X
11 5.0 0.9 14 X
12 3.0 0.9 26 X
13 3.0 0.9 26 X
14 3.5 0.9 26 X
15 3.5 0.9 26 X
16 3.5 1.0 25 X
17 3.5 1.0 25 X
18 5.5 0.9 15 X X
19 3.5 0.9 15 X X
20 4.0 1.0 22 X X
21 4.5 1.0 22 X X
22 4.0 0.9 21 X
23 4.5 0.9 21 X
24 3.5 0.8 14 X X
25 8.0 0.7 42 X X
4 4 6 19
Fig. 2.—Angiogram of patent free microautografts at 42 days (grafts 5 and 6). The graft 
on the right side has dilated while that on the left remains relatively small.
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ing suturing. These two complications 
appear to be the factors most often re­
sponsible for failure of such grafts.
Angiography often revealed that the 
small saphenous artery had dilated with 
time so as to be equal to the femoral ar­
tery in diameter (Fig. 2 ).
Su m m a r y
Twenty-five free arterial autografts 
and 25 rotation grafts 1.0 mm. or less 
in diameter were performed in rabbits 
using microsuture techniques with up to 
X  25 magnification under the Zeiss 
binocular operating microscope. The 
failure rate in each series was approxim­
ately 2 0% . Four-fifths of the failures 
were due to wound infection or tech­
nical difficulties related to construction 
of the suture line. Compared to the 
single anastomosis in a rotation graft, 
the two anastomoses necessary for a 
free graft do not appear to increase 
significantly the risk of thrombosis.
We conclude that, in trained hands 
and in an uncomplicated, non-infected 
situation, about 90%  of arterial grafts 
of a diameter 1 mm. or slightly less will 
remain patent.
References
1. Reichman OH: Experimental lingual-
basilar arterial microanastomosis. J 
Neurosurg 34: 500, 1971
2. Buncke HJ, Schulz W P : Experimental
digital amputation and reimplantation. 
Plast Reconstr Surg 36: 62, 1965
3. Idem: Total ear reimplantation in rabbit
utilising microminiature vascular an­
astomosis. Br J Plast Surg 19: 15, 1966
4. Buncke HJ, Daniller AI, Schulz WP, et
al: Fate of autogenous whole joints 
transplanted by microvascular anasto­
moses. Plast Reconstr Surg 39: 33, 1967
5. Kleinert HE, Kasdan ML, Romero JL :
Small blood-vessel anastomosis for 
salvage of severely injured upper ex­
tremity. J Bone Joint Surg [Am] 45A: 
788, 1963
6. Krizek TJ, Tani T, Desprez JD, et a l:
Experimental transplantation of com­
posite graft by microsurgical vascular 
anastomoses. Plast Reconstr Surg 36: 
538, 1965
7. Strauch B, Murray DE: Transfer of
composite graft with immediate suture 
anastomosis of its vascular pedicle 
measuring less than 1 mm. in external 
diameter using microsurgical techni­
ques. Plast Reconstr Surg 40: 325,
1967
8. Donaghy RM, Y asargil MG, editors:
Micro-Angeional Conference, 1st, Bur­
lington, Vt, 1966. Micro-vascular sur­
gery; report, St. Louis, Mosby, 1967
9. Y asargil MG: Microsurgery Applied to
Neurosurgery, Stuttgart, Georg Thieme 
Verlag, 1969
10. Y asargil MG, Krayenbuhl HA, Jacob­
son JH: Microneurosurgical arterial
reconstruction. Surgery 67: 221, 1970
11. Lougheed WM, Marshall BM, Hunter
M, et al: Common carotid to intra­
cranial internal carotid bypass venous 
graft. Technical note. J Neurosurg 34: 
114, 1971
R esum e
Utilisant les techniques de microsutures et 
s’aidant d’un microscope operatoire binocu- 
laire Zeiss, les auteurs ont pratique chez le 
lapin sous un grossissement de 25 fois, 25 auto- 
greffes arterielles libres et 25 greffes par rota­
tion, sur des vaisseaux d’un diametre maxi­
mum de 1.0 mm. Dans chacun des deux grou- 
pes, l’operation a eehoue dans environ 20% 
des cas. Quatre-cinquiemes des echecs etaient 
attribuables a l’infection ou a des difficultes 
techniques pour construire la ligne de suture. 
Par comparaison avec l’anastomose simple 
dans une greffe par rotation, les deux anasto­
moses requises pour une greffe libre n’aug- 
mentent pas sensiblement le risque de throm­
bose.
De ces observations, les auteurs concluent 
que, entre des mains experimentees et dans des 
conditions exemptes d’infection et de compli­
cation, pres de 90% des greffes arterielles sur 
des vaisseaux d’un diametre maximum de 
1.0 mm resteront permeables.
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CANCER OF THE COLON AND RECTUM: COMPARISON OF THE 
RESULTS OF THREE GROUPS OF SURGEONS USING 
DIFFERENT TECHNIQUES*
ANDRE B. PELOQUIN, M.D., F.R.C.S.[C], F.A.C.S.,f M ontreal, Que.
As in cancer of the breast, some sur­
geons do not believe that it is necessary 
to carry out wide resection for cancer 
of the colon or rectum. In the past few 
years a number of authors have under­
taken to assess the effect of extensive 
resection upon the duration of the pa­
tient’s survival. Rosi1' 2 has repeatedly 
advocated this form of management. 
Cole’s work3 on the dissemination of 
cancer cells stimulated the development 
of new surgical techniques. Recently 
Turnbull4 demonstrated the value of his 
“ no-touch” isolation technique on the 
survival of his own patients.
Our aim in this paper is to try to 
verify, by examining the results ob­
tained by specific groups of surgeons, 
that the surgical technique does influ­
ence survival. We freely acknowledge 
that such a retrospective survey of pa­
tient records has inevitable limitations 
and that our conclusions are necessarily 
limited. On the other hand, in the evalu­
ation of a technique, comparisons are 
usually based on reports from different 
centres of work by surgeons working in 
different physical and scientific en­
vironments.5 Therefore, it may be valu­
able to compare the results of different 
surgical groups using different tech­
niques but working in the same hospital, 
with the same anesthetists, assisted by 
the same nurses and residents, and op­
erating on patients whose backgrounds 
are similar.
Between 1942 and 1966, 21 general 
surgeons operated on 1243 patients with 
cancer of the colon or rectum in Notre- 
Dame Hospital, Montreal. We assigned 
the surgeons to one of three groups ac­
cording to their operative technique. 
Operative and pathological reports were 
used as a basis for the classification.
*From the Department of Surgery, Notre- 
Dame Hospital, Montreal, Que.
tAssistant Professor of Surgery, Faculty of 
Medicine, University of Montreal; Attending 
Surgeon, Notre-Dame Hospital.
The eight surgeons in Group I usually 
do a conservative resection; they do not 
remove all the regional lymph nodes and 
usually resect only a short portion of 
the colon, sometimes not more than two 
to three inches on each side of the tu­
mour. During the period 1942 to 1947 
some of them used the Mikulicz resec­
tion which has since been almost com­
pletely abandoned.
The second group of five surgeons are 
sometimes, but not always, aggressive. 
They usually remove a part of the 
mesentery adjacent to the tumour, but 
do not regularly do a high ligation.
Group III is made up of eight aggres­
sive surgeons who do a high ligation 
of the vascular pedicle and wide resec­
tion. Many of them use the adjuvant 
measures recommended by Cole,3*6*7 
namely vascular ligatures at the begin­
ning of the operation, covering of the 
tumour and ligation of the colon above 
and below the lesion.
To compare the three groups of sur­
geons one must know the stage of the 
disease in the patients managed by 
each. We used the following classifica­
tion :8
Stage A— the lesion does not pene­
trate the wall of the colon; nodes are 
not invaded.
Stage B-—the lesion penetrates the 
wall of the colon; nodes are not invaded.
Stage C— the lesions are associated 
with nodal invasion but there are no 
distant metastases.
Stage D— distant metastases are pre­
sent, e.g. liver, lung, diffuse peritoneal 
spread.
We did not use the Turnbull4 modifi­
cation of Duke’s staging. Hence a lesion 
invading the bladder or the small bowel 
without any nodal invasion is classified 
here as a stage B lesion. Staging was 
established on pathological findings.
If our classification of surgeons is 
valid, we should expect the following 
results:
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(1) The surgeons in Group III should 
show the highest operative mortality.
(2) The resectability rate should in­
crease from Group I to Group III sur­
geons. The more aggressive the surgeon 
the more likely is he to tackle advanced 
cases.
(3) Group III surgeons should have 
a better crude survival rate where the 
lesion belongs to stages A, B, or C. The 
more extensive the resection the higher 
should be the survival rate.
(4) The corrected survival rate 
should be better as one advances from 
Group I to Group III, especially in the 
patients with stage C lesions, in whom 
the lymph nodes are invaded. A wider 
resection should therefore favour stage 
C lesions.
These conclusions are valid if we can 
assume that the three groups of sur­
geons are comparable in all respects 
except in their techniques and degree of 
aggressiveness. Another proviso is that 
the three groups of patients are also 
comparable in regard to age, sex, dis­
tribution over the 24-year period and 
frequency of complications.
Grouping of the Surgeons
As already mentioned, the surgeons 
were classified only on the basis of the 
technique used and their surgical ag­
gressiveness. The author has known all 
of them except four surgeons in Group 
I who operated on only 12.5% of the 
patients in their group.
The age of the surgeon was not con­
sidered. For example, in the first group 
four surgeons operated on 87.5% of the 
patients. Three of these are still work­
ing. Of the second group of five sur­
geons four are still active in practice. 
In Group III three of the members were 
early in their careers and operated on 
only 8% of the patients; the others in 
this group were responsible nearly 
equally for the remainder (428 cases), 
operated on between 1942 and 1966.
The surgical training of our surgeons 
was comparable. All were certified sur­
gical specialists and had done at least 
one year of training outside Canada.
TABLE I.— Types of Treatment
Group of surgeons I II III
No. of patients....... 343 435 465
Colostomy or bypass 
Medical treatment
120 98 89
or irradiation......... 5 12 5
Laparotomy, biopsy 17 23 24
No resection..........
Palliative resection
142 133 118
(stage D)...............
Curative resection 
(stages A, B and
23 46 53
C).......................... 178 256 294
Total resections. . . . 201 302 347
None was a general practitioner with 
limited training in surgery.
Materials and Methods
Cases which were not dealt with by 
the Department of General Surgery 
of Notre-Dame Hospital were excluded. 
All the records were reviewed person­
ally by the author.
Table I shows the types of treatment 
received from each group of surgeons. 
One might expect that most of the pa­
tients attended by surgeons in Group I 
were operated on in the first years of 
the period and most of the patients of 
Group III at the end of it, but this is 
not true. Most of Group I’s patients 
were operated on after 1950. The pa­
tients of Group II were evenly dis­
tributed over the 24-year period. In 
Group III three surgeons operated upon 
37 patients between 1962 and 1966. All 
the other cases were well distributed 
through the 1942 to 1966 period.
The majority of cases were operated 
on after 1950; between 1942 and 1946 
there were only 111 cases whereas dur­
ing the last four years (1962 to 1966)
TABLE II.—Ages of Patients
Group of surgeons / II III
Decade No. of patients
2nd........................ 0 1 0
3rd......................... 7 5 54th......................... 27 23 185th......................... 56 74 646th......................... 93 109 1187th....................... 102 130 1548th.............. ......... 49 86 879th......................... 9 7 19
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TABLE III.— Sex and Cancer H istory of the Patient
Group of surgeons I  II  H I
Sex: .......................................  Male 163 214 232
Female 180 221 233
Family history of cancer.............
Multiple cancers of colon............
Cancer elsewhere.........................
the same surgeons treated 308 patients. 
During these 24 years there was a 
steady increase in the number of cases 
operated upon each year.
Table II shows the ages of the pa­
tients for each of the three groups. 
These are comparable. In each group 
most of the patients were between 60 
and 70 years of age. The sex of the 
patients is shown in Table III.
We cannot determine whether all the 
patients were asked whether there was 
a family history of cancer but this was 
stated in a great number of records 
(Table III). A positive family history 
refers not only to cancer of the colon 
and rectum, but to any type of cancer. 
The percentage of positives is about the 
same for each group of surgeons.
Multiple cancers of the colon were 
recorded in 13 patients. A cancer in 
another organ either before or after 
the occurrence of cancer of the colon 
was noted in 81 patients. These patients 
are almost equally distributed among 
the three groups (Table III).
54 (15.7%) 85 (19.5%) 88 (18.9%)
4 4 5
28 26 27
One hundred and sixty-three patients 
were admitted to hospital with obstruc­
tion, perforation, or both. The percent­
ages with these complications were 
12.8%, 11.7% and 14.6% respectively 
of the patients attended by the three 
groups of surgeons (Table IV), which 
represent no significant difference.
Table V shows the proportion of 
cases in each stage for all cases and 
not only for the resected ones. The dif­
ferent groups are comparable.
In the resected group, the number 
of stage C lesions was greater among 
the patients of Group III than of Group 
I surgeons—93 of 294 cases (31.6%) 
and 44 of 178 cases (24.7%) respective­
ly. The difference reflects the extent 
of the resections performed by Group 
III.
R esu l ts
Operability
Operability is defined as the number 
of patients operated upon whether the
TABLE IV.—Complications
Group of surgeons / I I I I I
Complication No. of patients
Obstruction..................................... 2112
39
6
45
16
Obstruction and perforation.........
Total...............................................
11
44 (12.8%)
6
51 (11.7%)
7
68 (14.6%)
TABLE V —Staging
Group of surgeons I 11 I I I
Stage
No. of 
patients %
No. of 
patients %
No. of 
patients %
59 17.2 76 17.5 81 17.4
107 31.2 114 26.2 136 29.2
82 23.9 108 24.8 106 22.8
95 27.7 137 31.5 142 30.5
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TABLE VI.— Operative M ortality
Group of surgeons I
No. of 
patients
Operative mortality....................... 32
Cancer mortality............................ 15
operation was laparotomy, bypass, 
colostomy, or resection.8 There was no 
difference in the operability of the pa­
tients belonging to the three groups of 
surgeons; the rate was about the same 
(98%).
Operative Mortality
We included in operative mortality all 
deaths occurring before the thirtieth 
postoperative day. Because about 30% 
of our cases had stage D lesions, we 
divided our postoperative mortality into 
two groups, real and that caused by the 
cancer itself. The real operative mor­
tality is caused by the operative proce­
dure ; these were patients dying from a 
pulmonary or cardiac complication, 
from fistula, peritonitis, or hemorrhage. 
The mortality caused by the cancer it­
self occurred chiefly in patients with 
stage D lesions, for example a cachectic 
patient with intestinal obstruction in 
whom a laparotomy reveals the liver 
to be full of metastases; a colostomy is 
performed and death supervenes a few 
days later. Often in such cases no ex­
ceptional measures are taken to help 
the patient survive the postoperative 
period. Of course if we wished to relate 
the extent of the operation to the mor­
tality rate, these cases would have to 
be excluded.
With respect to the real operative 
mortality, which concerns mostly the 
patients in stages A, B and C, Table VI
II  I I I
%
No. of 
patients %
No. of 
patients Of/o
9.5 34 8.0 29 6.3
4.4 23 5.4 14 3 0
shows a definite decrease from 9.5% to 
6.3% as one moves from Group I to 
Group III surgeons.
Resectability
Resectability refers to the percentage 
of resected cases among the number 
operated upon.8 It differed from one 
group to another: 59.5% for Group I 
surgeons, 71.4% for Group II and 
75.4% for Group III surgeons. Resec­
tability for stages A, B and C was re­
spectively 72%, 86.8% and 91.6 Jo 
(Table VII).
Survival Rate
We studied the survival rate using 
two methods of estimation: the crude 
survival rate (total survival rate for 
all cases) and the corrected survival 
rate, which excluded the operative 
deaths, the deaths from intercurrent 
disease and patients in whom resection 
was not performed;8 the only patient 
lost to five-year follow-up was also 
excluded. Only the corrected survival 
rate permits evaluation of the surgical 
technique.
Table VIII shows the crude survival 
rate. Patients of surgeons belonging to 
Group III showed a higher survival 
rate. This was especially true of patients 
with stage C lesions in whom the sur­
vival rate of 30.2% was more than dou­
ble that of cases managed by surgeons 
in Group I (12.2%).
TABLE VII.—Resectability
Group of surgeons I  / /  / / /
No. of No. of No. of
Stage patients %  patients % patients %
A, B, C ..................................................  178/247 72.0 256/295 86.8 294/321 91 6
D .............................................................. 23/91 25.3 46/128 35.9 53/139 38.1
Total......................................................  201/338 59.5 302/423 71.4 347/460 75 4
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TABLE VIII.—Crude Survival Rate*
Group of surgeons I II H I
No. of No. of No. ofStage patients %  patients %  patients %
A ..............................  34/59 57.6 51/76 67.1 56/81 69.1B ....................................  43/107 40.2 48/114 42.1 64/136 47.0C ................................  10/82 12.2 20/108 18.5 32/106 30.2Total ..............................  87/248 35.0 119/298 39.9 152/323 47.0
*A11 lesions, whether resected or not. The figures include operative mortality and deaths from intercurrent diseases.
Table IX shows the corrected survival 
rate for each group of surgeons. A difference was noticeable especially in stage C lesions where the survival in­creased from 26.3% in Group I to 
36.8% in Group III. Even in stage D the effect of surgical aggressiveness was reflected in a two-year survival rate which increased from 15.8% to 
29.2%.
D is c u s s io n
Because the surgeons of Group III were assumed to be more aggressive and to carry out more extensive resections, we might expect their patients to have a higher operative mortality rate. On the contrary their real operative mor­tality was lower.The total resectability rate was high­er as one moved from Group I to Group III (59.5%, 71.4% and 75.4%). For stage A, B and C lesions the resectabil­ity was low for Group I (72%) and Group II (86.8%) because the surgeons of these groups were less aggressive. Indeed, as already explained, some lesions which were classified as stage B were often a surgical problem, e.g. they showed invasion of the bladder,
small intestine or abdominal wall. It seems that some surgeons often con­sidered such cases as non-resectable or incurable.
Group III surgeons obtained a higher crude survival rate not only because the resections were more adequate but also because the operative mortality was lower and the resectability rate superior. This superiority in survival is evident for lesions of all stages but is most marked in stage C, increasing from 12.2% in Group I to 30.2% in Group III.The effect of technique can be evalu­ated with a greater precision by using the corrected survival rate. By this means we see that there is a difference in the results of the three groups for stage A and B lesions. There are two explanations for this: the extent of resection and the choice of resected cases. Indeed, for stage A and B lesions local resection is often enough because the cancer is still a local disease, but one can never be sure there are no cancer cells beyond the limit of resection. Also, in limited resection there is less tumour trauma and so less danger of blood­stream metastasis.
TABLE IX.—Corrected Survival Rate*
Group of surgeons 1} II  I II
No. of No. of No. ofStage patients % patients % patients %
A ......................................................  31/40 77.5 51/64 79.7 56/67 83.6B ......................................................  41/68 60.3 47/87 54.0 64/107 59.8C ......................................................  10/38 26.3 20/70 28.6 32/87 36.8Total................................................ 82/147 55.8 118/221 53.4 152/261 58.2
*Resected cases only. Operative deaths and deaths due to intercurrent disease are excluded. fOne case lost during five-year follow-up.
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The results were good for the f irs t 
and second groups of surgeons for yet 
another reason: the surgeons were car­
rying out resection only in the more 
favourable cases as shown by their low 
resectability rate.
The results in stage C lesions suggest 
the importance of wide resection. In 
these cases it has a direct impact on 
the survival ra te : the five-year survival 
ra te  ranges from 26.3% for Group I 
surgeons to 36.8% for Group III.
In the stage D lesions palliative resec­
tion of the primary tumour in the pres­
ence of distant spread often slows the 
progression of the cancer and thus of­
fers longer survival. A total of 105 pa­
tients with stage D lesions had palliative 
resection and 23 (21.9%) of the pa­
tients survived for more than two years. 
For each group of surgeons we noted 
the following resectability rate in stage 
P  patients: 25.3% (Group I ) ;  35.9% 
(Group II) and 38.1% (Group III). The 
two-year survival rate of these patients 
was 15.8%, 15.8% and 29.2% respec­
tively. We can only conclude that the 
more patients with stage D lesions th a t 
have a resection, the higher will be the 
survival rate.
The results obtained in the resected 
patients by Group III surgeons are good 
and can be compared with those re­
ported by most authors in the same pe­
riod.6' 916 Respectively the survival rates 
for stages A, B, and C were 83.6%, 
59.8% and 36.8% (Table IX ). The 
resectability rate (75.4%), even w ith 
the 30.2% rate in stage D patients, is 
still inferior to that in most reports.
4, 8, 13, 14, 16-18
Even if many authors report an oper­
ative mortality rate similar to or even 
higher than our own (6.3% ), “■1!' “
the acceptable rate should be around
g  6, 7, 16, 20
S u m m a r y  a n d  C o n c l u s io n s
In 24 years, 21 general surgeons 
treated 1243 patients with cancer of 
the colon and rectum in one hospital. 
The surgeons were divided into three 
groups according to their surgical ag­
gressiveness. The author has attem pted 
to obtain evidence of the influence of 
surgical technique upon survival from  
the results obtained in his own hospital. 
Nevertheless the lim itations of such 
a retrospective study are  fully realized.
The assumptions on commencing the 
study that in the most aggressive group 
of surgeons (Group III)  operative m or­
tality, resectability rate , crude and cor­
rected survival rate would be higher 
than in the others have been supported 
by the evidence except in the case of 
operative mortality. This was lower for 
Group III surgeons than  for Groups I 
and II, being respectively 6.3%, 9.5% 
and 8%. The extent of resection per se 
is apparently not responsible for a 
higher m ortality rate.
The resectability ra te  was higher as 
one advanced from Group I to Group 
III. For stage A, B and C lesions we 
found a higher resectability rate 
among Group III surgeons (91.6%) 
than for Groups I (72% ) and II 
( 8 6 .8 % ) .
The more aggressive the surgeons and 
the wider the resections they per­
formed, the better w as the crude sur­
vival rate for stage A, B and C lesions. 
Five-year survival rates of 35%, 39.9% 
and 47% were obtained by the three 
groups.
The corrected survival ra te  suggests 
the long-term efficacy of more exten­
sive resections. This applies especially 
to stage C lesions where the rates of 
26.3%, 28.6% and 36.8% were ob­
tained.
The survival rates obtained by the 
Group III surgeons, 83.6%, 59.8% and 
36.8% for stages A, B and C respective­
ly, are comparable to those reported by 
most authors during the same period. 
However, a higher resectability rate  and 
a lower operative m ortality could have 
been achieved.
The au thor wishes to th a n k  the In s titu t du 
Cancer de M ontreal for perm ission to consult 
its records, D r. J .  L. Leger, the p resen t Di­
rector, and M rs. Cecile C outure-G ervais. He 
would also acknowledge h is debt to th e  late 
Dr. L. C. S im ard, founder and  form er D irector 
of the Institu t.
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R esume
Sur une periode de 24 ans soit de 1942 a 
1966 inclusivement, 21 chirurgiens generaux ont 
traite 1243 malades porteurs d’un cancer du 
colon et du rectum. Les chirurgiens furent 
repartis en trois groupes, 1’auteur se basant 
uniquement sur l’etendue de la resection, la 
technique operatoire et l’aggressivite du chi- 
rurgien. L’age du chirurgien n’entre pas en 
consideration. De recents travaux dans la 
litterature ont tente de demontrer l’impor- 
tance de la technique chirurgicale sur la survie 
des malades. L’auteur, conscient des limites 
d’une telle etude retrospective, tente simple- 
ment de verifier dans son propre milieu hospi- 
talier la veracite de telles affirmations.
Quatre hypotheses furent formulees au de­
part: dans le Groupe III, le plus aggressif, 
la mortalite operatoire, le taux de resectabilite, 
la survie globale et aussi la survie corrigee 
particulierement pour les lesions de stade C, 
devraient tous etre plus eleves, si vraiment ce 
groupe reseque plus souvent et plus largement.
Les malades sont done repartis en trois 
groupes comparables au point de vue de la 
distribution au cours des 24 annees.
Les malades de chaque groupe sont etudies 
aux points de vue suivants: age, sexe, inci­
dence familiale de cancer, cancers multiples et 
cancer sur d’autres organes, frequence des cas 
d’obstruction et de perforation, repartition 
des stages A, B, C et D dans chaque groupe 
de chirurgiens. Ces comparaisons entre les 
trois groupes montrent que ceux-ci sont com­
parables a tous points de vue. Seuls l’aggressi­
vite chirurgicale et l’etendue de la resection 
different d’un groupe de chirurgiens a l’autre.
L’etude de la mortalite operatoire montre 
qu’elle s’abaisse successivement dans les trois 
groupes de chirurgiens passant de 9.5% a 
8% puis a 6.3% dans le troisieme. II ne semble 
done pas que l’etendue de la resection soit res- 
ponsable par elle-meme.
L’auteur tente de verifier l’importance de 
la resection large, frequente, associee souvent 
a l’adjonction des mesures preventives recom- 
mandees par Cole. L’aggressivite de chaque 
groupe de chirurgiens est demontree par l’etude 
du taux de resectabilite. Pour les malades du 
Groupe I la resectabilite dans les cas de lesions 
de stade A, B et C est de 72% alors qu’elle est 
de 91.6% pour les malades du Groupe III.
L’aggressivite chirurgicale et l’etendue de 
la resection semble montrer son efficacite dans 
l’etude respective de la survie globale pour 
les cas de cancer de stade A, B et C. Dans 
les malades des trois groupes cette survie 
globale passe successivement de 35%, 39.9% 
a 47%.
Enfin, l’effet des resections larges se fait 
surtout sentir dans l’etude de la survie cor­
rigee des lesions de stade C, i.e. des lesions ou 
il y a envahissement ganglionnaire. EUe s’eta- 
blie alors successivement pour les malades des 
trois groupes a 26.3%, 28.6% et 36.8%.
Enfin l’auteur etudie les taux de survies ob- 
tenus par le troisieme groupe de chirurgiens 
par rapport aux resultats obtenus dans d’au­
tres centres. Si ceux-ci (83.6%, 59.8% et 
36.8% pour les stades A, B et C) se comparent 
tres bien, il n’en demeure pas moins que le 
taux de resectabilite meme en presence de 
30% de cas de stade D pourrait etre plus eleve 
et le taux de mortalite operatoire abaisse.
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HEALING OF PARTIALLY ISOLATED SMALL-INTESTINAL 
ANASTOMOSES IN RABBITS AND DOGS*
M. M. COHEN, M.B., Ch.B., F.R.C.S.(Edin.) and 
R. C. HARRISON, M.D., M.S., F.R.C.S.[C], Vancouver, B.C.
W h il e  there is an enormous literature 
on experimental and clinical wound heal­
ing, most of this has been devoted to 
the healing of skin and aponeurosis,1 
and relatively little attention has been 
paid to the healing of intestinal anasto­
moses. Chlumsky,2 the pioneer inves­
tigator of intestinal healing, demon­
strated in 1899 that an intestinal 
anastomosis reached full strength in 10 
to 14 days and that there was an early 
lag phase. Since then the strength of in­
testinal anastomoses has been measured 
by distraction3, * and by bursting both 
with air5,6 and with water,7 amply con­
firming Chlumsky’s original observa­
tions.
Numerous techniques for intestinal 
suture have been advocated. Lembert8 
popularized the serosa-to-serosa anasto­
mosis, a two-layer version of which was 
introduced by Kiimmel9 in 1891 and has 
remained fashionable until the present 
time. Halsted10 emphasized the im­
portance of suturing the submucosa 
because of its high collagen content. 
Saint and Mann'1 demonstrated the 
value of an interrupted suture techni­
que which was more sparing of the 
blood supply and which thus heralded 
the era of esophageal surgery. Such a 
one-layer interrupted closure has been 
successfully used in small- and large- 
bowel surgery1215 and recently even an 
everting anastomosis has been sug­
gested.1618 There is no convincing evi­
dence that any one technique is distinct­
ly superior to the others largely be­
cause, as Travers19 pointed out as long 
ago as 1812, if secure closure and close 
contact of the divided ends are achieved 
the particular type of suture is not im­
portant.
A single-layer simple interrupted 
suture technique producing end-on an-
*From Department of Surgery, University of 
British Columbia and Vancouver General 
Hospital, Vancouver, B.C.
astomosis probably interferes least with 
blood supply.20 It is difficult to compare 
suture techniques effectively because of 
the rapid healing of intestinal anasto­
moses due to the extremely rapid syn­
thesis of new collagen with correspond­
ing gain in tensile strength21 and the 
healing influence of the vascular 
omental graft.22 The latter factor can be 
abolished by simple mechanical means. 
Thus, Canalis and Ravitch18 observed 
that if the anastomosis was partially 
isolated from the peritoneal cavity by 
wrapping with Silastic gauze, the result 
was almost invariably leakage peritoni­
tis and death, irrespective of which an­
astomotic technique was employed. This 
finding was in marked contrast to the 
uniformly good results normally 
achieved and they concluded that it was 
attributable to the isolation of the an­
astomosis from the peritoneal defence 
mechanisms.
The object of this study was to use 
this technique of isolating the anasto­
mosis with its uniformly high failure 
rate to determine whether the one-layer 
end-on anastomosis had a significantly 
lower failure rate than more conven­
tional techniques.
M e t h o d s
Experiments were performed on New 
Zealand white female rabbits weighing 
approximately 5 lbs. and on mature 
healthy mongrel dogs weighing about 
25 lbs. In both species the animals were 
divided into three groups of 10, accord­
ing to the type of anastomosis per­
formed (Fig. 1).
Group I had an open inverting two- 
layer closure. In the dogs the inner 
layer was continuous 4-0 chromic catgut 
and the outer, interrupted 4-0 silk sero­
muscular sutures. In the rabbit the 
layers were the same but 5-0 chromic 
and 5-0 silk were used.
Group II had an open inverting one- 
layer closure. In the dogs 4-0 silk inter-
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Fig. 1.—The three types of intestinal anastomosis performed in the experiments.
rupted horizontal mattress sutures were 
used and in the rabbits 5-0 silk was used 
in an identical manner.
Group III had an open one-layer sim­
ple end-on approximating closure. In the 
dogs, a 4-0 silk simple all-coats inter­
rupted suture, which approximated the 
layers without inversion or eversion, 
was used and in the rabbits a 5-0 silk 
suture was used in identical fashion.
In every case after withdrawal of 
food for 24 hours, the animal was anes­
thetized. The rabbits were given a pre­
medication of 12.5 mg. acepromazine 
maleate intramuscularly 30 to 45 min­
utes before induction with intravenous 
pentobarbitone sodium 12 m g./lb.; the 
dogs were induced with intravenous 
thiopental sodium 250 mg. and main­
tained on 0.5% halothane and oxygen 
via an endotracheal tube. A lower mid­
line abdominal incision was made using 
an aseptic technique. The ileum was 
transected and sutured. The Silastic (an 
inert23 non-wettable plastic membrane 
of silicone rubber coated on to an open- 
weave fibreglass fabric) was then 
placed loosely around the anastomosis 
and sutured in position through the me­
sentery (Fig. 2). Care was taken to 
avoid interference with the vascular ar­
cades and to avoid any constriction of 
the bowel which might occur with post­
operative edema. All operations were 
performed by a single surgeon using 
identical technique. Only one anastomo­
sis was performed in each animal.
Autopsies were carried out at 10 to 
12 days after operation, or earlier if 
death occurred. If, at autopsy, the an­
astomosis appeared intact, its bursting 
strength was measured. The lumen of 
the segment was gently milked com­
pletely free of feces. The distal end was 
tied off with a double silk ligature and 
a small metal nipple tied into the 
proximal end. The nipple was connected 
to a cylinder of compressed air and a 
clinical sphygmomanometer. The seg­
ment of small intestine was placed in a 
bowl of normal saline and the pressure 
raised by 10 mm. Hg every 15 seconds. 
The end point was usually the sudden 
streaming of air bubbles from one point 
of the anastomosis, although occasion­
ally the anastomosis ruptured suddenly.
Two types of control experiments 
were performed in both rabbits and
Fig. 2.—Silastic membrane after it has been 
sutured in position around the small intestine.
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dogs. In each species, six animals had 
the Silastic membrane wrapped around 
an intact segment of small intestine and 
the animals were sacrificed 16 days 
after operation. In addition each type 
of anastomosis was performed on two 
rabbits and five dogs without Silastic 
wrapping and these also were sacri­
ficed at 16 days.
Results
Effect of Silastic
No demonstrable lesion was detected 
after intact intestine had been covered 
by Silastic for 16 days. In both the rab­
bits and dogs the omentum was loosely 
adherent to the Silastic but the under­
lying intestine was normal. No inflam­
matory reaction had occurred and there 
was no instance of stricture or evidence 
of proximal distension.
Anastomoses Without Silastic
Wrapping
In both rabbits and dogs, irrespective 
of which anastomotic technique was 
used, the animals survived to the six­
teenth postoperative day. At autopsy 
the anastomoses were found to be 
soundly healed. In Group II and Group 
Ill-type anastomoses the suture line 
was usually buried in omental adhe­
sions, but with the two-layer closure the 
anastomoses were uniformly free of ad­
hesions. In every case attempts to meas­
ure the bursting strength of the anasto­
mosis failed because of earlier rupture 
of the adjacent intestine.
Two-Layer Inverting Anastomosis
With Silastic
Of the 10 rabbits which had the two- 
layer anastomosis, three died before 10 
days had elapsed and autopsy revealed 
gross peritonitis and incomplete healing 
of the anastomosis with obvious leak­
age. One rabbit survived for 10 days 
but, at autopsy, the anastomosis had 
leaked and formed a large localized 
abscess. In the remaining six rabbits 
the anastomosis had healed well with no 
evidence of leakage. In one of these
animals the bursting strength of the 
anastomosis was 180 mm. Hg, but in the 
remainder it exceeded that of the adja­
cent intestine which ruptured at pres­
sures in excess of 200 mm. Hg.
Of the 10 dogs in this group all sur­
vived until autopsy at the tenth to 
twelfth day. In every instance the anas­
tomosis appeared soundly healed and 
there was no evidence of leakage. In 
two of the dogs there was some slight 
stenosis at the site of anastomosis but 
no proximal dilatation. In four of the 
dogs, including the one with a stenosed 
lumen, the bursting strength of the 
anastomosis exceeded that of the 
adjacent bowel. In the remaining six the 
strength ranged from 150 to 360 mm. 
Hg (mean 262 mm. Hg).
One-Layer Inverting Anastomosis
With Silastic
Only two of the rabbits survived this 
procedure. In one of these the 
anastomosis was soundly healed and its 
bursting strength exceeded that of the 
adjacent bowel. In the other, however, 
there had been a leak with localized 
abscess formation. In the remaining 
eight rabbits death occurred between 
the sixth and tenth days and autopsy 
in every instance revealed gross peri­
tonitis due to leakage from the intes­
tinal anastomosis.
Six of the 10 dogs survived this pro­
cedure. In two of these the anastomosis 
had leaked with the formation of large 
but localized abscesses. The remaining 
four had apparently well-healed anasto­
moses, one of which was somewhat 
stenosed. In the latter group one anas­
tomosis was stronger than the adjacent 
intestine and the mean bursting 
strength of the other three was 157 
mm. Hg. Four dogs died within 10 days 
from generalized peritonitis as a result 
of gross leakage from the anastomosis.
One-Layer Approximating Anastomo­
sis With Silastic
Only one rabbit survived 12 days fol­
lowing this procedure and at autopsy it 
had a localized leak from the anastomo-
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TABLE I. Results of Silastic Wrapping of Small-intestinal Anastomoses in 30 R abbits
Type of anastomosis
No. of 
rabbits Died
Two-layer inverting 10 3
One-layer inverting 10 8
One-layer approximating 10 9
Survived
Leaked
1
1
1
Healed
6
1
0
Failure 
rate (%)
40
90
100
x2 = 11.68, P  <  0.01.
sis. The remaining nine rabbits all died 
within 10 days from generalized peri­
tonitis due to leakage from the anasto­
mosis.
Exactly the same result was obtained 
with dogs. Only one survived and it had 
leakage from the anastomosis and local 
abscess formation. The remaining nine 
died within 10 days from generalized 
peritonitis.
The results are summarized in Tables 
I and II. Tested by chi-square there is a 
statistically highly significant (F < 
0.01) difference in both species in the 
results obtained by the three anastomo­
tic techniques. The number of animals 
in each group, however, was relatively 
small and this statistical significance 
must be interpreted with caution.
D is c u s s io n
It is general surgical experience that 
no matter which intestinal anastomotic 
technique is used in small bowel, as long 
as it is carefully and meticulously per­
formed, there is a high success rate and 
gross leakage is exceptional. However, 
Canalis and Ravitch18 demonstrated 
that if the anastomosis was partially 
isolated from the peritoneal cavity 
using a Silastic wrapping, the result 
was almost invariably leakage, peri­
tonitis and death, regardless of the 
manner in which the anastomosis had 
been performed. In their experiments 
on dogs they had a 100% failure rate 
for everting anastomoses and an 83% 
mortality for inverting anastomoses 
(whether one-layer or two-layer) if the 
anastomosis was wrapped, compared 
with 7 % mortality for unwrapped 
anastomoses. Mellish, Ty and Keller,24 
working with rats, found that if the 
intestinal anastomosis was wrapped 
loosely with a silicone rubber mem­
brane there was total failure of evert­
ing anastomoses and a 50% mortality 
for inverting anastomoses. Unfortu­
nately, they did not perform control ex­
periments without silicone wrapping 
but, none the less, it is clear that iso­
lating the anastomosis in some way 
from the peritoneal cavity leads to 
gross leakage in a high percentage of 
cases. The exact reason for this is not 
known. No harmful effects have been 
demonstrated from the Silastic per se 
and the most likely explanation is that 
the wrapping acts mechanically by pre­
venting the omentum and adjacent vis­
cera from sealing off the anastomosis 
during the critical early stage of heal­
ing when the anastomosis may not be 
watertight. Indeed, in most of the fatal-
TABLE II.—Results of Silastic Wrapping of Small intestinal Anastomoses in 30 Dogs
Type of anastomosis
No. of 
dogs Died
Survived
Failure 
rate (%)Leaked Healed
Two-layer inverting 10 0 0 10 0One-layer inverting 10 4 2 4 60One-layer approximating 10 9 1 0 100
x2 =  20.34, P <  0.01.
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ities in the present experiments there 
had clearly been an unsuccessful at­
tempt to seal off the leak by insinuation 
of the omentum along the tunnel cre­
ated between the bowel and its Silastic 
wrapping. In those cases that survived 
despite a major leak it was clearly be­
cause the omentum had successfully 
contained the leak with the formation 
of an abscess. This is highly suggestive 
that the usual course of events follow­
ing small intestinal anastomosis is that 
there is frequently minor leakage at an 
early stage, which is almost invariably 
effectively sealed off by the omentum 
and/or adjacent loops of bowel.
The present study has shown that the 
two-layer, inverting, serosa-to-serosa 
anastomosis is considerably less at risk 
from isolation from the peritoneal de­
fence mechanisms than a one-layer an­
astomosis, whether inverting or simply 
approximating. This is hardly surpris­
ing if the above theory is true, because 
the two-layer technique usually a- 
chieves a watertight closure ab initio. 
On this basis it would also be reason­
able to expect that some of the simple 
approximating anastomoses, in which a 
watertight closure is virtually impos­
sible, would fail. This is exactly what 
was found in this investigation.
The results of this study were un­
expected and indicated the need to re­
consider the probable sequence of 
events following intestinal anastomosis. 
While complications following small- 
bowel anastomosis are infrequent this 
is not the case in esophageal, colon and 
rectal surgery where fistula is a com­
mon complication. Goligher, Graham 
and De Dombal25 examined 73 pa­
tients after anterior resection and 
found evidence of anastomotic de­
hiscence in 51%. At the Vancouver 
General Hospital, 7.5% of patients with 
rectal and large-bowel anastomoses 
show clinical evidence of leakage and 
the mortality in this group is 26%.26 
This high failure rate for colon anasto­
moses is not unusual. On the basis of 
our previous studies20 on the effect of 
sutures on blood supply, we concluded
that such failures were probably due to 
suture ischemia. From the results of 
the present investigation, which was 
designed to demonstrate the superiority 
of a suture technique that produced 
minimal ischemia, we suspect that it 
may also be important to prevent early 
leakage, which may occur before the 
anastomosis has healed. Unfortunately, 
the continuous suture technique, which 
produces a watertight anastomosis, is 
the most likely to cause ischemia. Be­
cause of the remarkable ability of the 
peritoneal defence mechanisms to deal 
effectively with small leaks, clinicians 
have paid little attention to this prob­
lem and have done no systematic experi­
mental investigations of early anasto­
motic leakage.
Canalis and Ravitch18 attempted to 
explain their uniformly poor results fol­
lowing Silastic wrapping by proposing 
that bacterial contamination occurred 
during the performance of the anasto­
mosis and that this minor degree of 
soiling resulted in fatal infection when 
the anastomosis was separated from 
the peritoneal defence mechanisms. We 
have found, however, that the two-layer 
inverting anastomosis is virtually im­
mune from the harmful effects of 
Silastic wrapping. Our tentative con­
clusion is that the Silastic prevents the 
sealing-off by omentum and viscera of 
the leakage that normally occurs from 
single-layer anastomoses. In this re­
spect it is interesting that, among the 
control anastomoses, the single-layer 
closures were more prone to adhesion 
formation. Early leakage may be a 
major factor in this common surgical 
complication.
We still believe that intestinal blood 
supply is impaired by most suture tech­
niques and that under ordinary circum­
stances a one-layer closure is desirable. 
If, however, the peritoneal defence 
mechanisms are known to be impaired, 
for example following omentectomy, it 
is probably advisable to perform a two- 
layer inverting anastomosis. The tim­
ing, frequency and extent of pre-heal­
ing leakage remains to be determined.
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Although fatal peritonitis is usually thwarted by adhesions, such leaks may result in low-grade peritonitis in the early postoperative period and subse­quent adhesions.
S u m m a r y
The effect of partial isolation of small intestinal anastomoses from the peritoneal cavity by wrapping with Silastic was investigated in rabbits and 
dogs. The Silastic had no deleterious effects when wrapped around normal intact small bowel. Two-layer inverting, one-layer inverting, and one-layer sim­ple end-on approximating anastomoses healed uniformly well under normal cir­cumstances. When Silastic-wrapped there was invariable failure of the simple approximating anastomosis, fre­quent failure of the one-layer inverting closure and almost invariable sound healing of the two-layer anastomosis. It was concluded that the Silastic probably acted by preventing the omentum from sealing off the minor early leakage from the one-layer closures; that the two-layer closure was relatively exempt from early leakage and was therefore the anastomosis of choice in cases where peritoneal defence mechanisms might be deficient.
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R e s u m e
Cette experience a ete faite chez le lapin e t le chien. Le Silastic a ete utilise comme sub­stance isolante qui n ’a, du reste, aucun effe t nocif sur le grele intact. Les anastomoses etu- diees etaien t de trois types: (1) term ino-ter- minale simple, (2) latero-laterale a une couche
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et (3) latero-laterale a deux couches. Elies 
sont toutes bien cicatrisees dans des circons- 
tances normales. Cependant, enveloppees de 
Silastic, elles ont reagi differemment selon 
leur type. La premiere (termino-terminale) 
n’a jamais cicatrisee. Dans l’anastomose late­
ro-laterale a une couche, on a note de frequents 
echecs et dans eelle a deux couches, la cica­
trisation a ete bonne dans presque tous les
cas. Les auteurs tirent de ces experiences les 
conclusions suivantes: le Silastic a probable- 
ment agi en empechant l’epiploon de seeller le 
leger suintement initial qui est present dans 
la fermeture a une couche. La fermeture a 
deux couches en etant relativement exempte 
constitue done 1’anastomose ideale dans les 
cas ou existe un affaiblissement des meca- 
nismes de defense du peritoine.
BRUNNER’S GLAND ADENOMA OF THE DUODENUM*
NATH AN  W ISEM AN, M.D., B .Sc.(M ed.)f and 
ROBERT H. THORLAKSON, M.D., F.R.C.S.[Eng. & C], F.A.C.S..J
Winnipeg, Man.
A l t h o u g h  Brunner’s glands of the duo­
denum seldom undergo pathologic 
change, a solitary adenoma or diffuse 
hyperplasia does occasionally occur.
Feyrter1 has classified benign lesions 
of Brunner’s glands of the duodenum 
as diffuse nodular hyperplasia, circum­
scribed nodular hyperplasia and ade­
nomas. Of the three types, adenomas 
are the most common. They occur spo­
radically and appear to have no relation­
ship to the other types of abnormal 
Brunner’s gland proliferation. Silver- 
man et al.2 suggested that these are 
hamartomas and have demonstrated 
continuity between the Brunner’s glands 
in the tumour and those of the adjacent 
duodenum. Since Salvioli first described 
a Brunner’s gland adenoma in 18763 
fewer than 100 cases have been re­
ported.
Brunner, in 1688, first described the 
duodenal glands in detail.3 Embryolog- 
ically the glands develop during the 
sixth month when the cells at the base
‘ From the Department of Surgery, Winnipeg 
General Hospital, Winnipeg, Man. 
fResident in Surgery, Winnipeg General Hos­
pital.
^Assistant Professor of Surgery, University of 
Manitoba; Surgeon, Winnipeg General Hospi­
tal; Section of Surgery, Winnipeg Clinic. 
Reprints requests: Dr Robert H. Thorlakson, 
Winnipeg Clinic, St. Mary and Vaughan, Win­
nipeg, Manitoba R3C ON2.
of the crypts of Lieberkiihn extend into 
the submucosa. In maturity they de­
velop a compound tubular form and are 
arranged in lobules 0.5 to 1 mm. in 
diameter. They are most common in the 
first portion of the duodenum and their 
numbers decrease distally. The number 
and distribution are variable.
The normal physiologic role of Brun­
ner’s glands has been studied by Gross- 
man.4 Because the alkaline secretion of 
the Brunner’s glands appears to protect 
the duodenal mucosa some have sug­
gested that hyperplasia is the result of 
increased stimulation by acid secretions. 
However, Robertson5 failed to demon­
strate a correlation between the number 
of Brunner’s glands and the incidence of 
peptic ulceration. On the other hand 
Shimoda, Saunders and Rubin6 described 
a patient with the Zollinger-Ellison syn­
drome in whom Brunner’s glands ex­
tended to the distal duodenum and prox­
imal jejunum— a rare finding in normal 
patients. This paper describes two 
patients with a Brunner’s gland adeno­
ma of the duodenum.
C a s e  R epo rts
Case 1.— A 21-year-old white man pre­
sented in 1963 with a six-month history of 
severe dyspepsia beginning immediately 
after meals and persisting for four to six 
hours. He also complained of increased 
flatulence. Physical examination and labo-
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Fig. 1.—Low-power photomicrograph of the polyp showing the glandular core covered with 
normal mucous membrane.
ratory investigations were normal. A bari­
um examination of the stomach and duo­
denum revealed a “pedunculated oval lesion 
situated in the middle of the duodenal bulb” . 
At operation a polypoid adenoma, 0.8 cm. 
in diameter with a slender stalk 0.3 cm. in 
length, was found distal to the pylorus. It 
was excised through an antrotomy incision. 
Microscopy revealed hyperplasia of Brun­
ner’s glands in a polyp (Fig. 1). The patient 
was lost to follow-up.
Case 2.— A 65-year-old white woman 
was admitted to the Winnipeg General Hos­
pital in 1970. She had had epigastric pain 
for over 10 years but this had increased 
during the three months before admission. 
She also complained of nausea and water- 
brash associated with “ hunger” pains. The 
only abnormal finding on physical examina­
tion was epigastric tenderness. Laboratory 
investigations were normal. A barium ex­
amination of the stomach and duodenum 
demonstrated a smooth filling defect in 
the duodenal bulb (Fig. 2) which was in­
terpreted as a polyp of the duodenal bulb. 
At laparotomy the pylorus was opened 
longitudinally and a polypoid lesion 2.5 cm. 
in diameter on a broad stalk was found just
distal to the pyloric ring (Fig. 3). The 
lesion was excised at its base and the 
mucosal defect closed with continuous 
chromic catgut. The incision in the duo­
denum and stomach was closed transversely 
as for a pyloroplasty.
Fig. 2.—Case 2. Barium examination shows 
a filling defect in the duodenal bulb measuring 
2.5 cm. in diameter.
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F ig . 3.—Case 2. P y lo rop lasty  rev ea 's  th e  
polypoid tu m o u r ju s t d is ta l to th e  pyloric rin g  
(a r ro w s ).
Pathological examination revealed a pink­
ish-tan tumour measuring 2.5 x 1.9 x 2.2 
cm. On section the specimen was pale yel­
low and was well demarcated. Small cystic 
spaces containing mucous material were 
seen. On microscopic examination (Fig. 4) 
the mucosa was normal. Deep to the sub­
mucosa was a well-circumscribed adenoma­
tous lesion composed of Brunner-type 
glands, simple glands and dilated ducts 
nned with columnar or cuboidal epithelium. 
Foci of lymphocytes and foamy fat cells 
vere seen. No pancreatic tissue was iden­
tified. The diagnosis was Brunner’s gland 
adenoma of the duodenum.
The patient was subsequently free of 
symptoms.
D i s c u s s i o n
An adenoma of B runner’s glands is 
relatively rare. Jain and el Tayeb7 found 
only two cases in 52,573 postmortem 
examinations a t the Ham m ersm ith Hos­
pital, London. In the years between 
1963 and 1970 only two patients w ith a 
B runner’s gland adenoma have been 
operated upon at the W innipeg General 
Hospital.
Kaplan, Dyson and F itts3 reviewed 38 
lesions of Brunner’s glands of the duo­
denum. Twenty-six were single and 
polypoid and 14 of these had a definite 
stalk; three patients had multiple pol­
yps. The lesions varied in diam eter from  
less than 1 cm. to over 8 cm. Three 
lesions were described as diffuse nodu­
lar hyperplasia while six were of a  cir­
cumscribed nodular type. Almost all 
originated proximal to the am pulla of 
Vater. In one patient a polyp arose in 
the second part, and in another in the 
third part of the duodenum. Multiple 
polyps of the third p a rt of the duode- 
um were discovered in one patient and 
throughout the duodenum in another. In
F ig . 4.—Case 2. P ho tom icrograph  show ing  th e  adenom atous lesion com posed of B ru n n e r’s 
g lands deep to  a norm al duodenal mucosa.
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this group there were 26 men and 11 
women (the sex of one patient was not 
specified). The ages ranged from 22 to 
77 years at the time of diagnosis. The 
duration of symptoms varied from six 
weeks to 10 years with an average of 
3!/2 years.
Most patients complain either of pain, 
symptoms related to blood loss, or ob­
struction. General dyspeptic symptoms 
are probably non-specific. Epigastric 
pain has been described in some pa­
tients as “burning” and may occur 
either before or after meals. In most, 
antacids give little relief.
Bleeding can be a striking symptom 
and presents in 45% of patients, usually 
as tarry stools.3 Hematemesis may oc­
cur. However, bleeding may be less 
severe and the patient presents with 
anemia and the stool is positive for oc­
cult blood. The bleeding may be con­
fused with that from a peptic ulcer.
The collective term “ obstructive 
symptoms”  denotes nausea, vomiting, 
bloating, pyrosis and water-brash and 
these are present in varying combina­
tions. True obstruction may be caused 
by a mass of tissue such as a large polyp 
or multiple polyps, circumferential 
nodular thickening or by an intussuscep­
tion of duodenum caused by a polyp.
Physical examination is usually non­
contributory but occasionally there is 
mild epigastric tenderness.
Diagnosis is almost always made by 
radiologic examination which shows in 
the diffuse nodular and circumscribed 
nodular types a “ Swiss cheese” or “ cob­
blestone” appearance. Single rounded 
defects produced by the adenoma may 
be mobile or fixed.
The surgical treatment of Brunner’s 
gland adenomas should be conservative 
because these lesions are not premalig- 
nant. Treatment is directed towards the 
symptoms. If a small adenoma is discov­
ered coincidentally in a patient with 
non-specific dyspepsia no surgical treat­
ment is indicated. Those lesions produc­
ing pain, obstruction or bleeding should 
be excised by a transduodenal ap­
proach. If the polyp is very large or the
lesion is diffuse, nodular or circum­
scribed, an intestinal bypass may be 
considered.
S u m m a r y
Brunner’s glands of the duodenum 
rarely undergo pathologic change. Dif­
fuse hyperplasia or a solitary adenoma 
occurs occasionally. The latter is the 
most common benign tumour of the 
duodenum. Two new cases are added to 
the fewer than 100 cases recorded. 
Pathological, clinical and radiologic 
features, and surgical management of 
these lesions are briefly discussed. Pain, 
obstructive symptoms and bleeding are 
the most common symptoms. A pre­
operative diagnosis usually is made by 
barium studies. The tumours are benign 
and are not considered premalignant.
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R e s u m e
Les modifications pathologiques des glandes 
de Brunner sont une rarete clinique, bien qu’on 
observe parfois une hyperplasie diffuse ou un 
adenome solitaire. Le dernier est la tumeur 
duodenale benigne la plus frequente. Aux 
quelque 100 cas enregistres, les auteurs en 
ajoutent deux nouveaux. Ils exposent sommai- 
rement les caracteristiques pathologiques, cli- 
niques et radiologiques de ces lesions et leur 
traitement chirurgical. Parmi les symptomes 
les plus courants figurent la douleur, des 
symptomes d’obliteration et l’hemorragie. Une 
radiographie au baryum permet generalement 
de poser un diagnostic pre-operatoire. Ces tu- 
meurs sont benignes et ne sont pas considerees 
comme susceptibles de devenir malignes.
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CHANGES IN THE LIPID METABOLISM OF MICE WITH LETHAL 
STAPHYLOCOCCUS AUREUS SEPTIC SHOCK*
K AN AI L. MUKHERJEE, Ph.D., ASHIM K. BH ATTACH AR YYA, Ph.D.,f 
ROBERT M. SMITH, THOMAS M. MUELLER, M.D. and 
IAN M. SMITH, M.D., F.R.C.P.(Glas.), F.A.C.P., Iowa City, la., U.S.A.
T h e  interrelationship of lipid metab­
olism and infectious illness is poorly un­
derstood.1 This is particularly true of 
septicemia caused by an antibiotic-re­
sistant strain of Staphylococcus au­
reus.2 Our previous studies3 and the re­
ports published from other laboratories4 
have shown that staphylococcal infec­
tion profoundly disorganizes the nor­
mal metabolism of the host. One of the 
effects of the staphylococcal “ toxin” 
action is uncoupling of oxidative phos­
phorylation.5'7 As a result there is a 
derangement of carbohydrate metab­
olism and of the synthesis of energy- 
rich compounds in the body of the 
host.8"10 Changes in the serum lipid com­
position with a fall of serum cholesterol 
and a transient rise of total lipid have 
also been noted in the mouse challenged 
with fatal staphylococcal infection.8,11 
The important roles of lipids in the 
metabolism of S. aureus,12-14 the in vitro 
uncoupling action of staphylococcal 
alpha toxin on oxidative phosphory­
lation,8 and the general effects of long- 
chain fatty acids on the uncoupling of 
oxidative phosphorylation in vitro15 are 
well documented. Therefore a study of 
the changes in the lipid metabolism of 
the host following staphylococcal in­
fection was considered necessary. The 
present paper deals with the lipid 
analyses of serum and liver of white 
mice challenged with an overwhelming 
infection of S. aureus.
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partment of Internal Medicine, University of 
Iowa, Iowa City, la. 52240, U.S.A.
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M a t e r ia l s  a n d  M e t h o d s
Swiss Webster male white mice (20- 
g. weight from Arthur Sutter Com­
pany, Springfield, Missouri) were 
maintained in the laboratory for two 
weeks and provided with Purina chow 
and water ad libitum. Mice were fasted 
overnight before the day of inoculation. 
Laboratory cultured S', aureus was in­
jected intraperitoneally ( l x  10° cells) 
as previously described.16 The infected 
mice died within 260 minutes (SD ±  20 
minutes).
Blood samples from 20 mice were 
taken either by cardiac puncture or by 
decapitation at 30, 60, 120, and 180 
minutes after the lethal challenge of 
S', aureus. Livers of these mice were 
dissected out, weighed and immediately 
chilled in ice-cold chloroform-methanol 
(7 :3 v /v ) prior to the routine extrac­
tion procedure.
Chemical analyses for total choleste­
rol, esterified cholesterol, free choles­
terol, phospholipids, triglycerides, ke­
tone bodies, and also for total lipids, 
were done by the methods described by 
Henry.17 Total fatty acids were deter­
mined as methyl esters18 by gas liquid 
chromatography (GLC) using methyl 
heptadecanoate as the internal stand­
ard. Fatty acids of various lipid classes 
and in the free state were determined 
by GLC after the initial separation by 
thin layer chromatography (TLC). 
TLC was carried out on silica-gel G 
plates (Absorbosil-5 prekotes from Ap­
plied Science Laboratories, College 
Park, Pennsylvania 16801) with hex­
ane : ethyl ether ; acetic acid (90:10:1 
v /v ) as the solvent system.19
GLC was carried out on a dual 
column gas chromatograph (Hewlett 
Packard Research Chromatograph 
5750 from Hewlett Packard Company, 
Palo Alto, California) equipped with 
hydrogen flame ionization detector.
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The stainless steel coiled column was 
six feet long, 3 mm. internal diameter, 
packed with 80-100 mesh Diatoport S 
and coated with 7% diethylene glycol 
succinate. The temperatures of the in­
jection port and of the detector were 
maintained at 225° C. The column tem­
perature was programmed between 
100° and 215° C. at the rate of 4° C./ 
min. Helium was used as the carrier 
gas with an inlet pressure of 45 psi. 
The gas chromatograph was attached 
to a strip chart recorder. Areas of 
peaks were calculated by the triangula­
tion method. Quantitative evaluation 
was done by comparing peak areas of 
the sample with the peak area of a 
known amount of the internal standard.
R e s u l t s
Changes in various lipid classes of 
serum and liver following the lethal 
infection of S. aureus are shown in Fig. 
1 and compared with the normal (0 
hour) for a period of 180 minutes. To 
avoid changes of an agonal nature, 
studies were limited to the first 180 
minutes of the 260 minutes of total in­
fection period. Drastic biochemical ef­
fects on the lipid metabolism of the host 
occurred within the first 60 minutes 
following the bacterial challenge. A fall 
of cholesterol and phospholipids in the 
infected blood corresponded to their 
concomitant accumulation in the in­
fected liver. Triglycerides, on the other 
hand, decreased in the liver tissues as 
well as in the infected blood. Fatty acid 
components of phospholipids and gly­
cerides followed the same trend as the 
total phospholipids and triglycerides. 
Liver cholesterol, however, decreased 
prior to the death of the host. Ester 
cholesterol and free cholesterols be­
haved similarly in both blood and liver 
in S. aureus infection in the host.
Increase in the free fatty acid level 
of the blood was perhaps the most con­
spicuous feature of S. aureus infection 
in the mouse (Fig. 1). The free fatty 
acids of liver decreased at the early 
stage of infection. Total fatty acids and 
total lipids, on the other hand, accum-
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Fig. 1.—Lipid composition of mouse serum 
and liver following S. aureus infection. T F A  
=  total fatty acids, F F A  =  free fatty acids, 
TG LFA =  triglyceride fatty acids, PLFA =  
phospholipid fatty acids.
ulated in the liver immediately follow­
ing the bacterial challenge. The level of 
total fatty acids, however, stayed at a 
higher level in the infected blood as 
compared with the normal blood until 
the host was closer to death. The serum 
total lipids declined steadily after a 
slight rise during the first 60 minutes 
of bacterial infection.
The actual values of various lipid 
classes recorded from blood and liver 
analyses of the normal animals and in­
fected animals after 120 minutes of bac­
terial challenge are given in Table I. 
Statistical analysis indicated signif­
icant changes in all lipid classes of se­
rum and liver except that the total 
lipid and total fatty acid contents of 
liver returned close to the normal value 
after an initial rise (Fig. 1). The quan­
titative assay of ketone bodies in serum 
indicated a slight rise in the infected 
serum (6.9 mg. acetone/100 ml. serum; 
SD ±  0.3; N = 5) as compared with the 
normal serum (6.1 mg. acetone/100 ml. 
serum; SD ±  0.1; N = 5). The dif­
ference is found to be significant only 
at the 10% level of probability.
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TABLE I. Comparison of the Lipid Composition of M ouse Serum and Liver in  N ormal Animals
and 120 M inutes After S. Aureus Infection
Lipid classes 
Total cholesterol 
Ester cholesterol 
Free cholesterol 
Phospholipids 
Triglycerides 
Free fatty acids 
Total fatty acids 
Total lipids
Serum {mg./100 ml.) Liver (mg./g.)
Normal Injected
167 134*
(±20) (±22)
121 84*
(±12) (±10)
46 50f
(±2) (±3)
199 160t
(±15) (±12)
89 59*
(±6) (±7)
5.5 39.6*
(±1.8) (±6.0)
227 2611
(±20) (±20)
559 373f
(±80) (±20)
Normal Infected
3.6 4.0*
(±0.1) (±0.1)
0.7 0.4*
(±0.01) (±0.01)
2.9 3.6*
(±0.05) (±0.06)
32.0 34.Ot
(±0.8) (±0.7)
4.9 3.4t
(±0.4) (±0.4)
2.4 2.1
(±0.5) (±0.5)
62.0 63.0
(±1.3) (±1.5)
N = 5. Mean value ( ±  SD).
tg iffeence between means of normal and infected is significant (P <  0.01). 
TLhfference between means of normal and infected is significant (P <  0.05 ).
The relative d istribution of fa tty  
acids in d ifferen t lipid classes under 
norm al and S', aureus-infected condi­
tions is shown in Table II. Evidently in 
the infected blood the rise of serum free 
fa tty  acids corresponded to a fall of the 
fa tty  acid components of serum  choles­
terol ester, phospholipid and glycerides. 
L iver fa tty  acids, on the other hand, 
showed a highly significant rise in the 
phospholipid fraction and a fall in the 
glyceride fraction.
Palm itic acid (16 :0), stearic acid 
(18 :0 ), oleic acid (18 :1), linoleic acid 
(18:2) and arachidonic acid (20:4) 
were the m ain fa tty  acid constituents
of mouse serum  (Table I I I ) .  The values 
of sa tu ra ted  long-chain fa t ty  acids in ­
creased in the blood of infected^ m ice 
a fte r  120 m inutes of infection. F u r th e r , 
th e ir  relative distribution indicated a 
rise of sa tu ra ted  fa tty  acids (palm itic  
and stearic) associated w ith  a fa ll of 
the unsatu ra ted  fatty  acids (p a r tic u la r­
ly linoleic acid). Sequential changes of 
the long-chain fatty  acids in m ouse 
serum  following the bacterial challenge 
are  illustrated  in Fig. 2. The general 
pa tte rn  of an increase in sa tu ra ted  f a t ­
ty  acids with a concom itant fall of u n ­
sa tu ra ted  fa tty  acids is evident.
The specific fatty  acid d istribu tion
TABLE II. F atty Acid Content in Different Lipid Classes of Normal Mouse Serum and L iver
and 120 M inutes After S. Aureus Challenge
Serum fatty acids 
(% total fatty acids)
Lipid classes Normal Infected
Ester cholesterol 25 11*
(±3) (±3)
Phospholipids 36 14*
(±4) (±7)
Glycerides 26 7*
( ±  5) (±3)
Free fatty acids 12 68*
(±6) (±8)
Liver fatty acids 
(% total fatty acids)
Normal Infected
5 3t
(±1) (± 1 )
41 72
(±11) (± 9 )
45 19*
(±7) (± 6)
9 6
(±3) (± 2 )
N = 5. Mean value ( ±  SD).
‘Difference between means of normal and infected is significant (P <  0.01). 
fDifference between means of normal and infected is significant (P <  0.05).
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TABLE III.— Fatty Acid C omposition of Serum in N ormal M ice and 120 M inutes After S. Aureus '
Challenge
Fatty acids
Fatly acid content 
(mM/l.)
Fatty acid distribution 
(%  total fatty acid)
Normal Injected Normal Injected
Palmitic acid (16:0) 3.0 4.0* 36 41*
(±0.9) (±0.9) (±2 ) (±2 )
Stearic acid (18:0) 0.4 1.1* 5 12*
(±0.01) (±0.02) (± D (±1)
Oleic acid (18:1) 1.7 1.5f 21 16t
(±0.06) (±0.07) (±2 ) (±2 )
Linoleicacid (18:2) 2.5 2.3* 31 25*
(±0.07) (±0.07) (±3 ) (±3 )
Arachidonic acid (20:4) 0.6 0.6 7 6
(±0.01) (+0.01) (±1) (±1 )
Total fatty acid 8.2 9.5 100 100
N = 5. Mean value ( ±  SD). . . .  I
‘ Difference between means of normal and infected is significant (P < 0.01). ''
■(Difference between means of normal and infected is significant (P < 0.05). I
in various lipid classes (Table IV) in­
dicated that the changes were confined 
to phospholipid, glyceride and ester 
cholesterol fractions. The free fatty 
acid composition of infected serum and 
liver showed a rise in saturated fatty 
acids associated with a fall of un­
saturated fatty acids.
In order to evaluate the lipid changes 
observed in the serum as a direct effect 
of S. aureus metabolism and growth 
during the infection period of 120 min­
utes in vivo, a study was undertaken
MINUTES AFTER INFECTION
Fig. 2.—Changes in the fatty acid composi­
tion of serum lipids during 180 minutes of 
S. aureus infection.
in vitro. One millilitre of normal mouse 
serum, which was roughly the volume 
of fluid circulating in the body of the i 
experimental animal, was mixed with 
the lethal dose of 1 x 10“ cells of S. * 
aureus and incubated for 120 minutes 
at 37° C. No significant changes in the * 
values of cholesterol, triglyceride or 
phospholipids were noted during the in­
cubation period which could be attri- A 
buted to the direct effects on the serum 
lipids of S. aureus growth in popula­
tion. -(4
D is c u s s io n  I
The role of lipids in the physiology ■  
and metabolism of S. aureus has been H  
widely emphasized.20 A lipase action of I  
the bacterial cultures in vitro has been 
demonstrated.21' 22 Phospholipid is the ^  
most important constituent of staphy- J 
lococcal lipid which is mainly in the ;$ 
form of phosphatidyl glycerol.23 The 1  
mechanism of penicillin action on 
staphylococci is related to the blocking 
of glycopeptide synthesis in the bac- * 
terial cell wall.24 The antibiotic-resistant 
strain of S. aureus has a higher lipid 
content than the sensitive strain.13- 14 ^
More recently it has been reported that 
acid phospholipids are capable of neu- A 
tralizing tissue factors and antistaphy- 
lococcal activity of rabbit, human and 
rat serum.25 Thus the lipid composition i 
of the host may have a profound influ-
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TABLE IV.—Fatty Acid D istribution (%  T otal Fatty Acid) in Various L ipid C lasses of N ormal 
Mouse Serum and L iver and 120 M inutes After S. Aureus C hallenge
Fatty acids
Condition of 
animal
Serum lipids Liver lipids
Es. Ch. PL GL F F A Es. Ch. P L GL F F A
Palmitic Normal 7 49 30 33 47 38 29 31Infected 8 50 29 36 45 42 33 36Stearic Normal 1 18 3 9 6 17 0 6
Infected 2 17 5 12 5 19 0 16Oleic Normal 16 11 32 33 27 11 35 33
Infected 17 12 33 31 26 11 36 29Linoleic Normal 32 17 28 22 6 20 30 27
Infected 33 17 23 20 8 16 24 25Arachidonic Normal 37 0 0 0 0 10 0 0
Infected 33 0 0 0 0 8 0 0
N = 5. Es. Ch. = ester cholesterol; PL = phospholipids; GL = glycerides; FFA = free fatty acids.
> ence on the host-parasite interaction in 
vivo and may even determine the bac­
terial virulence.
The present study showed a severe 
disturbance in the lipid metabolism of 
the host soon after a lethal infection of 
S. aureus. The in vitro studies showed
* that the changes observed in the body 
of the host were not directly attribu­
table to the increased bacterial popula­
tion during the infection period. The 
characteristic fatty acids found in 5. 
aureus20 were not detected in the lipid 
analyses of infected serum and liver. 
Therefore the observed changes in the
v lipid composition of the infected anim­
als are considered to be the result of 
the biochemical interaction of staphy­
lococcal “ toxins” secreted by S. aureus 
in vivo and the host.
Soon after the onset of S. aureus in­
fection, a decrease in the levels of cho­
lesterol and phospholipids was noted in 
the blood along with their concomitant 
rise in the infected liver. The liver lost 
a considerable amount of glyceride fat­
ty acids during the course of infection.
• In the blood of infected mice, the ratio 
A of ester cholesterol to free cholesterol
showed a decline, probably because of 
the breakdown of ester cholesterol. One 
of the n.ost conspicuous features of S. 
aureus infection was the rise of free 
fatty acid i.-> the blood. The total lipid 
v of the infected serum showed a fall 
while an accumulation of lipid in the 
liver was noted particularly at the early 
stage of infection.
Bacterial infections have frequently 
caused a fatty liver.26 This was observed 
at the early stage of our experimental 
S', aureus infection. On the other hand, 
infections of chick embryos with S. 
aureus have been reported to decrease 
liver lipids.27 The rise o f free fatty acids 
in the blood with a corresponding fall 
of triglycerides and glyceride fatty 
acids suggests the possible acceleration 
of “ clearing factor” or lipase activity28 
with staphylococcal infection. S. aureus 
injection produces shock and in all 
other forms of shock (hemorrhagic, 
cardiac and toxic) there is a concomit­
ant increase in catecholamine which 
mobilizes the body fat with a rise of 
fatty acid in the serum. This possibility 
was not studied in this investigation. 
The fall of glyceride fatty acids of the 
liver may further indicate that these 
are probably released from the infected 
liver into the blood. The fall of choles­
terol ester to free cholesterol ratio in­
dicates the possibility of increased 
cholesterol esterase activity which may 
also contribute to the rise of free fatty 
acids in the blood of the host.29 The 
metabolism of the adipose tissue in the 
presence of S. aureus infection is not 
known, but the decreased blood glucose 
level, as reported in our earlier stu­
dies,20 probably would lead to the out­
flow of free fatty acids from the fat 
storage tissue.'11 An intimate relation­
ship between lipid and carbohydrate 
levels has been demonstrated by other 
workers.27, 32 The depletion of carbohy-
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drate in the body of the host30 probably 
reduces its efficiency to utilize the 
available fatty acids33 which results in 
their accumulation in the infected 
blood. The increased fatty acid level of 
the infected blood may also have second­
ary effects on the diseased host through 
acidosis34 and ketosis.35 Our results in­
dicated only a mild degree of ketosis 
during the lethal infection by S. aureus. 
It may be mentioned here that the al­
bumin fraction of blood protein in­
creases after staphylococcal infection.8 
This may help in the translocation of 
free fatty acids into the blood from 
various tissues36 following the bacterial 
challenge.
S. aureus infection increased the 
levels of long-chain fatty acids (palmi­
tic, stearic, oleic, linoleic, and arachid- 
onic) in the blood. It is further noted 
that the bacterial infection disturbed 
the normal distribution of fatty acids 
and resulted in an increase of saturated 
fatty acids (palmitic, stearic) relative 
to the unsaturated ones (oleic, linoleic, 
arachidonic). The fall of linoleic acid 
in both serum and liver of the infected 
animals is most striking. Liver tissues 
of chick embryos infected with S. au­
reus have also shown a decrease in the 
linoleic acid content as compared with 
the normal tissues.27
Uncoupling of oxidative phosphory­
lation is known to occur in the liver 
mitochondria of the staphylococcal in­
fected host.37 This has also been de­
monstrated recently with purified sta­
phylococcal alpha toxin.6 Long-chain 
unsaturated fatty acids may act as un­
couplers of oxidative phosphorylation15 
and, as we have shown, the levels of 
long-chain fatty acids increase several­
fold with staphylococcal infection. This 
imbalance in the distribution of satu­
rated and unsaturated long-chain fatty 
acids in the body of the infected host 
may have a more subtle effect. One 
speculation is that it makes the mito­
chondria more susceptible to damage or 
more liable to swelling and thus results 
in uncoupling.38
Su m m a r y
A lethal infection with Staphylococ­
cus aureus (1 x 10s cells) kills 30-g. 
white mice within 260 minutes. The 
lipid metabolism of the host is impaired 
by the bacterial challenge as shown by 
a significant decrease of cholesterol, 
phospholipids and triglycerides in the 
blood and a concomitant increase of 
cholesterol and phospholipid fractions 
in the liver. Fats accumulate in the 
liver in the early phase of infection. 
The ratio of ester cholesterol to free 
cholesterol, however, decreases in both 
serum and liver under infected condi­
tions owing to a rise in free cholesterol. 
Free fatty acids accumulate in the in­
fected blood with a loss of glyceride 
fatty acids and free fatty acids from 
the liver. Free fatty acids are probably 
not utilized because of the hypoglycemic 
state of the diseased host. Mild ketosis 
has also been noted. The saturated fatty 
acids (palmitic and stearic) increase 
relatively more than the unsaturated 
fatty acids (oleic, linoleic, and arachi­
donic). The imbalance of the long-chain 
fatty acids in the body of the host may 
lead to mitochondrial damage and un­
coupling of oxidative phosphorylation.
The technical assistance of Mrs. J. M. Sobo- 
roff is gratefully acknowledged.
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R esu m e
Une infection letale par le staphylocoque 
dore ( l x  10s cellules) tue en 260 minutes des 
souris blanches de 30 g. On a constate que le 
metabolisme des lipides de l’hote est serieuse- 
ment altere: diminution notable de la concen­
tration sanguine de cholesterol, de phospholi- 
pides et de triglycerides et augmentation con­
comitants de cholesterol et des fractions phos- 
pholipidiques dans le foie. Dans la phase ini­
tiate de l’infection, les lipides s’accumulent 
dans le foie. Le rapport entre Pester de choles­
terol et le cholesterol libre diminue cependant, 
et dans le serum et dans le foie, dans les con­
ditions d’infection, par suite d’une hausse de 
cholesterol libre. Les acides gras libres s’accu­
mulent dans le torrent circulatoire infecte avec 
perte des acides gras libres et conjugues pro- 
venant du foie. Les acides gras libres ne sont 
probablement pas utilises par suite de l’etat 
hypoglycemique chez l’hote malade. On a note 
aussi une faible eetose. L’augmentation des 
acides gras satures (palmitique et stearique) 
est relativement plus forte que celle des acides 
gras non satures (oleique, linoleique et arachi- 
donique). Le profond desequilibre qui affecte 
les acides gras a chaine longue dans l’organis- 
me de l’hote peut se traduire par des lesions 
mitochondriques et le decouplage de la phos­
phorylation oxydative.
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SURGICAL TREATMENT OF DUODENAL ULCER IN CHILDREN*
S. KLING, M.D., F.R.C.S.[C], F.A.C.S., Edmonton, Alta.
P e p t ic  ulceration in children can pose 
unique problems. The signs and symp­
toms can be misleading, especially in 
the first decade. Because many physi­
cians consider it a rare disease in chil­
dren the diagnosis is often not made 
until complications develop. There also 
appears to be considerable difference of 
opinion as to the proper treatment. Con­
servative medical management is the 
generally accepted method but many 
now favour a more aggressive, surgical 
approach.
The incidence of peptic disease varies 
in different sections of the country and 
perhaps characteristics of the disease 
also vary. Most reported series are 
from large pediatric hospitals and it is 
difficult to relate these figures to the 
general population. With these prob­
lems in mind we recently reviewed 16 
children with duodenal ulcer treated at 
the University of Alberta Hospital, Ed­
monton. This 1460-bed active treatment 
teaching general hospital has ap­
proximately 120 pediatric beds. It was 
our intention to see how many children 
treated for duodenal ulcer in this hos­
pital required operation and how our 
experience compared with that of other 
hospitals. Further, we wished to ascer­
tain if principles could be established to 
guide us in the judicious use of oper­
ative treatment in such patients.
C l in ic a l  M a t e r ia l
In the 10-year period 1960 to 1969 in­
clusive 16 children with duodenal ulcer 
were seen at the University Hospital. 
For inclusion in the study, 14 years of 
age was the upper limit. The study 
deals only with primary or chronic duo­
denal ulcer and does not include “ stress 
ulcers” . In each case the diagnosis was 
proved by positive radiologic findings 
or the finding of an ulcer at operation 
or autopsy. The incidence in our hos-
*From the Department of Surgery, University 
of Alberta, Edmonton, Alta.
TABLE I.— Age Incidence
Age (years) No. of cases
0 to 2 ................................. ........  2
3 to 5 ................................. ........  1
6 to 8 ................................. ........ 1
9 to 11................................. ........ 9
12 to 14................................. ........  3
pital was 1.6 cases per year—a figure 
similar to that obtained in a 1964 study 
conducted by Singleton and Faykus.1 By 
questionnaire these authors determined 
the number of cases diagnosed by radio- 
logic examination in pediatric hospitals 
in different parts of the United States 
and Canada. Responses from 29 hospi­
tals indicated that, on the average, each 
hospital saw annually 1.9 children with 
peptic ulcer. On the other hand, Tudor2 
states that 10% of upper gastrointes­
tinal examinations done in children at 
the Quain and Ramstad Clinic revealed 
peptic ulcers.
Of the 16 children in our study, only 
two were operated upon during this 
period. During the same interval the 
hospital admitted each year, on the 
average, 236 adults with peptic ulcer 
and 116 were operated upon each year. 
It is small wonder, therefore, that gen­
eral physicians and surgeons look upon 
duodenal ulceration in childhood as a 
rather uncommon disease.
There were nine boys and seven girls. 
The age at time of diagnosis is shown in 
Table I. The age group, 9 to 11 years, 
comprises over one-half the total cases.
The symptoms that led to admission 
and diagnosis are shown in Table II. 
As in most other reported series, pain 
and bleeding predominate.
TABLE II.—Presenting Symptoms
Symptom No. of cases
Pain.................................................. 8
Bleeding........................................... 7
Recurrent vomiting....................... 3
Chronic anemia.............................  1
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This article is concerned primarily 
with the surgical management o f duo­
denal ulcer. The two children who were 
operated upon are described in detail.
Case R eports
Case 1.— This male infant was admitted 
to the Hospital in April 1960 at the age of 
18 months for suspected epilepsy and for 
investigation of chronic anemia. On 
examination a small mass could be felt in 
the right upper quadrant. Stools were re­
peatedly positive for occult blood and on 
several occasions there was gross melena. A 
barium meal, ordered because the attend­
ing physician suspected duodenal ulcer, was 
reported as “negative for duodenal ulcer” 
(in retrospect this diagnosis was modified). 
Because of the persistent melena and pain, 
a laparotomy was done with a presumptive 
diagnosis of intestinal duplication or be­
nign neoplasm. A chronic duodenal ulcer 
was found. Because of his age and because 
he had not had medical treatment for duo­
denal ulcer, a definitive operation was not 
done; only the appendix was removed. The 
pathologist later reported the liver biopsy 
to be normal. The patient was discharged 
on antacid therapy and phenobarbital for 
epilepsy.
The subsequent course, under the care of 
a pediatrician, was far from smooth. He 
had recurrent bouts of “gastroenteritis” 
although his epilepsy was controlled. He 
was readmitted to hospital in September 
1962 and again in November 1983, prima­
rily for assessment of the epilepsy. On one 
occasion a barium meal showed the duode­
num as “markedly deformed with a suspi­
cion of an active ulcer crater” .
Fig. 1.—Case 1. Barium meal clearly demon­
strates the presence of a choledochoduodenal 
fistula.
Fig. 2.—Case 1. The proximal divided 
stomach is anastomosed to a short loop of 
jejunum using the Polya-Hofmeister tech­
nique. The antral mucosa has been completely 
removed and the stump of pylorus closed.
In January 1967 another barium meal 
showed a large choledochoduodenal fistula 
(Fig. 1). The child, now 8 years old, was 
admitted to hospital for this complication 
and underwent vagotomy and hemigastrec- 
tomy on March 2, 1967. It was considered 
that a direct attack on the fistula would 
be dangerous. Therefore it was decided to 
bypass the fistula and do a Bancroft 
modification of a Finsterer operation com­
bined with Billroth II reconstruction. The 
pylorus was divided 2 cm. proximal to the 
duodenopyloric juncture and the body of 
the stomach divided at its midpoint. Fig. 2 
shows the fashioning of a Polya-Hof­
meister gastrojejunostomy (Billroth II) 
and closure of the pyloroduodenal stump 
after the antral mucosa was completely 
removed. An operative cholangiogram done 
during the operation showed free flow of 
dye from the common bile duct into the 
duodenum. The child had an uneventful 
postoperative course and was discharged 
14 days after the operation.
A barium meal and follow-through done 
six months after operation showed a well­
functioning gastrectomy with Billroth II 
anastomosis. There was no evidence of 
stomal ulceration. The contrast medium, 
deliberately refluxed into the afferent loop, 
showed no demonstrable communication 
with the biliary system.
Physically and mentally the child has 
developed normally. Recent re-examination, 
four years after his operation, showed that 
his height was above average for his age 
and compared with that of his parents. He
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is bright, mentally alert and progressing 
well in school. Radiologic examination 
again showed a well-functioning Billroth II 
gastrectomy.
Case 2.—A 13-year-old girl was admitted 
as an emergency on August 16, 1967 be­
cause of massive hematemesis. Her admis­
sion hemoglobin was 4.8 g./lOO ml. She gave 
a history of recurrent “gastroenteritis” for 
1%  to two years. She had been taking milk 
and soda with some relief of symptoms. A  
barium meal on admission showed a duo­
denal ulcer crater. Control of bleeding re­
quired 3000 c.c. of whole blood given over 
48 hours. She was discharged on August 24 
with a hemoglobin of 12.1 g./lOO ml. She 
returned 24 hours later with recurrence of 
massive hemorrhage. Her admission hemo­
globin was 7.5 g./lOO ml. On August 25, 
1967 Dr. W. Yakimets performed a vago­
tomy and pyloroplasty with oversewing of 
the bleeding ulcer. She received 3500 c.c. 
of blood before and during operation. She 
had an uneventful postoperative course and 
was discharged 14 days later. When last 
seen for re-examination in November 1971, 
four years after operation, she was of 
normal size for her age and seemed alert 
and mentally normal. She had had no symp­
toms in the four years since her operation.
D isc u ssio n
The available literature shows a re­
markably small experience with the 
surgical treatment of chronic duodenal 
ulcer in childhood. The first operation 
in North America for duodenal ulcer in 
childhood was done at the Mayo Clinic 
in 1914 when a 13-year-old boy was 
submitted to posterior gastroentero­
stomy.3 In 1907 a similar operation had 
been done in England on a 14-year-old 
boy.4 Since then surgeons have been re­
luctant to do major operations on the 
stomach and duodenum in young chil­
dren because they were uncertain how 
these would affect physical and mental 
development.
The impetus for a more aggressive 
approach came from various studies. A 
Mayo Clinic study of 109 children5 in­
dicated that if a duodenal ulcer that 
begins in childhood is treated medically, 
the ulcer will persist or recur in adoles­
cence or adult life in 50% of cases.
Milliwen8 followed-up 35 children with 
primary duodenal ulcers diagnosed and 
treated in the preceding 10 years; three 
were diagnosed in the first five years 
and 32 in the second five years. He con­
cluded that a recurrence rate of about 
50%, similar to that found at the Mayo 
Clinic, could be expected in spite of 
energetic initial treatment, and that 
established chronic ulceration in older 
children had an unfavourable prog­
nosis.
On the other hand, Krakauer, Berry 
and Stewart7 followed-up 27 children 
who had a radiologic diagnosis of duo­
denal ulcer. Only one required operation 
during the 10-year period of the study; 
this was for intractable pain. None of 
their patients had massive bleeding.
The surgical treatment of duodenal 
ulcer in childhood finds some support 
in the interesting work of Thompson, 
Bonta and Clatworthy8 who, in 1955, 
studied the effect of hemigastrectomy, 
gastroduodenostomy and vagotomy on 
growth in puppies. The weight of ex­
perimental and control groups differed 
by less than 5% at maturity and these 
workers concluded that the procedures 
did not alter growth and development. 
In 1965 Boley et aV did a similar 
study; they confirmed the findings of 
Thompson’s group but suggested that, 
in so far as growth and development are 
concerned, the results were perhaps 
better with vagotomy and pyloroplasty 
than with gastrectomy.
In 1964 Moore10 described two chil­
dren who had undergone early gastrec­
tomy for chronic duodenal ulcer with no 
apparent ill effects on growth or mental 
development. Subsequently he can­
vassed all members of the Surgical Sec­
tion of the American Academy of Pe­
diatrics and of the British Association 
of Paediatric Surgeons, inquiring about 
their experience with gastric resection 
in children done for any cause.11 Age 12 
was the upper limit for the patients in­
cluded. In 113 gastric resections, peptic 
ulcer was the most frequent indication. 
Ninety-five children had had a distal 
subtotal resection and three a total
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gastric resection. There was a 10% 
mortality rate. All the children who 
died were younger than 6 years and 
many of the deaths were associated 
with acute “ stress” ulcers. On follow-up 
all of the survivors had normal growth 
although two, who had undergone total 
gastrectomy, had troublesome anemia. 
Fifteen children who had had proximal 
cardioesophageal resections (usually 
for esophageal varices) were less for­
tunate. Thirteen had survived operation 
but in only three was growth described 
as “ normal” .
Wilson and Ellison12 reviewed the 
effects of operation on eight children 
with Zollinger-Ellison syndrome. Three 
who had any procedure less radical 
than a total gastrectomy died. Five who 
had total gastrectomy were alive. On 
follow-up these five showed normal pat­
terns of growth and development.
Over a two-year period Ravitch and 
Duremdes13 operated upon five children, 
aged 11/2 to 14 years, for duodenal 
ulcer. Four had a vagotomy and pyloro­
plasty, and one a vagotomy and poste­
rior gastroenterostomy. All had an ad­
junctive gastrostomy. Based on their 
experience and that of others, they con­
clude that chronic duodenal ulcer in 
childhood has the same complications as 
in adulthood. A high proportion of chil­
dren with chronic duodenal ulcer have 
repeated attacks. They believe a single 
hospitalization and operation are pre­
ferable to long-continued medication, 
medical follow-up and repeated radio- 
logic examination. The low morbidity 
and mortality of operation and the good 
results make it a logical choice. That 
the patient is a child makes operation 
more urgent than in an adult. Nuss and 
Lynn14 drew similar conclusions on the 
basis of their review of the Mayo Clinic 
experience.
S u m m a r y  a n d  Co n c l u s io n
In the University of Alberta Hos­
pital, Edmonton, 1.6 cases per year of 
duodenal ulcer in children under age 
14 years were treated. During a 10-year 
period, 1960 to 1969, two children were
treated by operation whereas, in the 
same hospital, 116 adults undergo oper­
ation each year for peptic ulcer. A 
higher index of suspicion and more ag­
gressive investigation might discover 
more duodenal ulcers in childhood. At 
least two reliable studies suggest that, 
in peptic ulceration in childhood, med­
ical treatment alone will be followed by 
a 50% recurrence in adolescence and 
adulthood. A review of those patients 
who have had operative treatment for 
primary or chronic duodenal ulcer 
shows that the mortality is low and 
there is no apparent interference with 
physical and mental growth and de­
velopment. This applies whether the 
operation is vagotomy and pyloroplasty 
or vagotomy and hemigastrectomy. 
Children with chronic duodenal ulcera­
tion appear prone to the same complica­
tions as adults.
No surgeon would advocate imme­
diate radical operation on every child 
in whom the diagnosis of duodenal 
ulcer is made. Experience in adults 
with duodenal ulcer has established 
well-defined clinical indications for 
definitive surgery. This paper contends 
that the same criteria should be applied 
to the child with duodenal ulcer. This 
rational step would save him from the 
months or years of morbidity that he 
now endures under the current ultra­
conservative treatment.
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R esum e
A l’Universite d’Alberta d’Edmonton, nous 
traitons chaque annee 1.6 cas d’ulcere duo­
denal chez des enfants de moins de 14 ans. Au 
cours de la decennie de 1960 a 1969, nous 
avons opere deux enfants, alors que dans ce
meme hopital 116 adultes sont operes chaque 
annee pour ulcere gastroduodenal. II est possi­
ble qu’une attitude plus soupgonneuse et une 
recherche diagnostique plus poussee puissent 
mettre a jour un plus grand nombre de cas 
d’ulcere duodenal chez l’enfant. Du moins, 
deux etudes serieuses laissent croire que, dans 
cette pathologie chez l’enfant, le seul traite- 
ment medical soit greve d’une rechute dans 
50% des cas chez l’adolescent et l’adulte. Une 
revue retrospective des malades qui avaient 
ete traites pour ulcere duodenal primaire ou 
chronique indique que la mortalite est faible 
et qu’elle n’entrave en rien la croissance men- 
tale et physique et le developpement normal. 
Cette remarque s’applique aussi bien aux cas 
ou l’operation etait une vagotomie et une pylo- 
roplastie ou une vagotomie et une hemigas- 
trectomie. Les enfants souffrant d’un ulcere 
duodenal chronique sont predisposes aux 
memes complications que les adultes. Dans le 
present article, on signale le cas d’un enfant 
qui avait subi une laparotomie a 22 mois mais 
qui n’avait pas ete opere pour son ulcere. 
Comme consequence, il presentait un ulcere 
duodenal chronique complique d’une fistule 
choledochoduodenale a Page de 8 ans. Heureu- 
sement, le resultat final apres correction chi- 
rurgicale semble bon.
L’experience acquise chez l’adulte souffrant 
d’ulcere duodenal a permis d’etablir des indi­
cations cliniques bien definies pour une chi- 
rurgie radicale. L’auteur conteste que les 
memes criteres doivent etre appliques a 
l’enfant presentant un ulcere duodenal.
ORTHOPEDICS IN TUNISIA —  1971*
JOHN FOWLES, M.D., F.R.C.S.[C], Tunis, Tunisia
Situated in North Africa, between the 
oil-rich giants of Algeria and Libya, 
Tunisia is a country of only 48,000 
square miles, one-third of which lies in 
the Sahara desert. Her population of 
five million is mainly of Arab origin, 
blended with the Berber, Phoenician, 
Roman, Turkish, Spanish, and French 
peoples by conquest and absorption. 
The people are poor. Sixty per cent are 
under 21 years of age, going to school 
in shifts because of the shortage of
‘ CARE-MEDICO Project, Kassar Said Ortho­
pedic and Rehabilitation Centre, Tunisia.
Address for reprints: Dr. R. L. Cruess, 9 
Surgical, Royal Victoria Hospital, Montreal 
112, Que.
schools and teachers; those who go 
through university have small prospect 
of employment afterwards. The re­
sources of the country are mainly agri­
cultural, typically olives, citrus fruit 
and wheat. Tourism is the biggest 
single hard-cash earner.
The influence of Western and Euro­
pean culture is felt everywhere, partic­
ularly that of France, who has given 
Tunisia her laws, customs, administra­
tion, university system, hospitals, and 
her second language. English is spoken 
only in the tourist centres.
Birth of Orthopedics in Tunisia
Into this society in 1965 came CARE-
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MEDICO to help the Government cre­
ate its first orthopedic service. This re­
mained in the Ernest Conseil General 
Hospital until 1971, when it moved into 
the newly built Kassar Said Orthopedic 
and Rehabilitation Centre just outside 
Tunis. This hospital has 94 beds and 
space for 60 more; a modern physio­
therapy department; a brace shop, 
started in 1966 with the help of CARE- 
MEDICO and now building over 1000 
orthopedic appliances yearly; two large, 
fully equipped operating rooms, in­
cluding closed circuit television to the 
amphitheatre; a third operating room 
in the “ septic” block where 27 isolated 
beds are reserved for infected cases; an 
x-ray department equipped to carry out 
tomography and with two image inten­
sifies, and five portable x-ray ma­
chines; and an experimental laboratory 
and operating block. In fact, the Centre 
contains almost everything required for 
the practice and teaching of modern, 
sophisticated orthopedic surgery. The 
building of this $4,000,000 centre was 
a feat for which the Tunisian people 
and her government deserve great cre­
dit. CARE CANADA helped in no small 
measure too, sending a radiographer, 
nurses and surgeons, particularly from 
Quebec, plus visiting orthopedic con­
sultants who stay for one month.
For several years the centre had just 
three surgeons but, intermittently, re­
ceived invaluable help from MEDICO 
consultants who came on monthly tours. 
Now Kassar Said has four full-time 
surgeons, including two from CARE- 
MEDICO, plus Dr. Kassab, the part- 
time Tunisian Chef de Service, and the 
visiting consultants. A varying number 
of interns, usually young French co- 
operants serving here in lieu of military 
service, have helped enormously with 
the clinical work and we now have two 
Tunisian residents in third and fourth 
years of postgraduate general surgical 
training.
Operation of th e  Centre
In this orthopedic service we see 
5000 outpatients annually and perform
more than 1300 procedures under anes­
thesia, from closed reduction of fore­
arm fractures to Harrington spinal ins­
trumentation and fusions.
The diseases and injuries of our pa­
tients fall into six main categories.
Trauma
Traffic accidents and injuries to chil­
dren provide nearly one-half of the total 
work-load. Fresh fractures in adults are 
immobilized with internal fixation 
which eliminates several weeks of bed 
occupancy; suitable femoral fractures 
are nailed; unstable fractures of the 
tibial shaft are nailed without opening 
the fracture site, using the straight 
Kiintscher rods, following the criteria 
of Merle d’Aubigne.1 His technique of 
traction by “ ice tongs”  in the os calcis is 
used for closed reduction of stable frac­
tures of the tibial shaft before a cast is 
applied. It is also used to reduce se­
verely comminuted distal tibial frac­
tures involving the ankle joint and 
makes the subsequent operative proce­
dure of internal fixation much simpler.
Displaced supracondylar fractures of 
the elbow in children are reduced, 
closed and pinned percutaneously, using 
the method of Judet.2 This helps to 
avoid the disastrous sequelae of Volk- 
mann’s contracture and frank gangrene, 
complications often caused by a tight 
plaster or flexed elbow and which we 
see in patients referred to us from 
other parts of the country.
Transcervical and intertrochanteric 
fractures are nailed with the patient on 
the side— a method which gives excel­
lent exposure while keeping the oper­
ating field clear. We have extended the 
indications for the open reduction and 
medial displacement technique to in­
clude almost every displaced intertro­
chanteric fracture in the aged. These 
patients are discharged after 10 days 
because there are no convalescent facil­
ities for them. They must bear weight 
as soon as possible because their fam­
ilies have no time to help them around 
and crutches are scarce because very 
few trees grow in the desert! The
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medial displacement and impaction 
technique makes the hip far more stable 
for early weight-bearing. Socioeconomic 
factors such as these dictate much of 
our surgical management of patients.
Traumatic paraplegia and tetraplegia 
are usually due to falls from palm trees 
or diving into shallow water. Such pa­
tients frequently do not reach us for 
several days. Those that recover suf­
ficiently can be helped with stabilizing 
procedures and bracing where neces­
sary. The rest are destined at best to a 
wheelchair life in a country where 
wheelchairs are few.
The brace shop is able to provide am­
putees with good prostheses of all types, 
from the Syme to the Canadian hip- 
disarticulation model. Recently the Ger­
mans introduced an experimental myo­
electric arm and we have four of these 
in use.
We accept referred patients from all 
over the country, many of them already 
partly treated by diverse methods and 
presenting the most bizarre complica­
tions. These patients may arrive in poor 
general condition; they are frequently 
undernourished and anemic, with osteo­
porosis, muscle atrophy, stiff joints and 
skin sores from prolonged bed rest and 
plaster casts. The virtual absence of 
physiotherapy outside Tunis makes the 
eventual rehabilitation of these patients 
difficult, prolonged and often impos­
sible. The consequences of such neglect 
to the family and society are easily 
imagined.
Polio
Polio is the major cause of paralysis 
in Tunisia, and constitutes a steady 
15% of our work. National efforts to 
vaccinate the children at or near school 
age achieved little because the disease 
is contracted between the ages of 6 
months and 2 years. Thus children come 
to us with flexion and abduction con­
tractures of the hips, and extreme 
flexion contractures of the knees. These 
we treat with a combination of traction, 
soft-tissue releases and subtrochanteric 
and supracondylar osteotomies, so that
the children can be braced and enabled 
to walk. Many of them have never stood 
erect before.
Where indicated, we do soft-tissue re­
leases behind the heel and Grice extra- 
articular3 subtalar arthrodesis in the 
young patients with unstable equinoval- 
gus feet. For the older patient a triple 
arthrodesis for the unstable foot is 
preferred, with tendon transfers where 
feasible. Very occasionally a pantalar 
arthrodesis4 is done to eliminate the use 
of a brace but, in this country, where 
the ground is rough, a fixed foot and 
ankle put the patient at a distinct 
disadvantage.
Our experiences confirm the studies 
of the Italians3 who found that Medi­
terranean polio affects mainly the 
lower limbs. Discrepancies in leg length 
are therefore fairly frequent, and be­
cause few of the population wear any­
thing more than sandals the simple ex­
pedient of a shoe lift forces him to buy 
or build a pair of shoes, something 
which is quite beyond the average pa­
tient’s means. Hence we resort to epi- 
physiodeses using the Phemister tech­
nique rather than the less reliable stap­
ling method. An additional problem is 
that the traditional Green-Anderson 
growth tables cannot be applied here 
because the population is generally 
shorter, less well nourished, and children 
appear to reach puberty earlier than 
their American counterparts. Studies 
are currently under way to provide a 
growth standard for Tunisian children; 
until then we must continue to make 
educated guesses. As elsewhere, leg­
lengthening procedures for gross dis­
crepancies are accompanied by numer­
ous complications and hence are used 
as little as possible.
Most of the polio patients requiring 
operation are braced afterwards. Con­
sidering the distances involved, lack of 
transport, a poor system of communica­
tion and poverty of the populace, we 
have remarkably good control of these 
people. The braces are made with steel, 
leather and plastic. Since its inception, 
the brace shop has been directed by Mr.
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Heim on cor^ract from West Germany, 
but the worn is done by 30 Tunisians, 
trained both here and in Germany.
Thus these patients, originally con­
demned to a sedentary, dependent exist­
ence in a corner of the ghorbi,* are en­
abled to walk, make friends and go to 
school. But their social integration will 
still be incomplete until they can learn 
a skill and be assured of employment 
and a living wage. At present these 
handicapped patients have to compete 
with a large pool of fit unemployed 
workers. The next requirement of Kas- 
sar Said is a vocational training centre 
in conjunction with sheltered work­
shops.
Congenital Deformities
We treat all kinds of congenital de­
formities but, again, for socioeconomic 
reasons these patients present them­
selves late so that their management is 
prolonged, difficult and complex.
The most common deformity is a club 
foot. The parents of these patients 
show a significant incidence of consan­
guinity and we are currently collecting 
genealogic details of these patients. 
Corrective Qasts are applied in the Club 
Foot Clini?, but surveillance is difficult 
and frequently casts can be changed 
only at six-week intervals, long before 
which, of course, the plaster has been 
totally destroyed by sand, rocks, mud 
and water. Our results therefore leave 
something to be desired.
The same limitation applies to feet 
that have been corrected by operation. 
The ideal follow-up with casts, splints 
and boots is rarely achieved, and our 
results are correspondingly disappoint­
ing. The severe, untreated club foot in 
the 6- to 10-year-old presents a problem 
which we have not yet satisfactorily 
solved; such patients are too old and 
too deformed for a soft-tissue release, 
but too young for a triple arthrodesis. 
When the patient is sufficiently mature 
for a triple fusion, the deformity is 
often so severe that he is literally bear-
*Native sod hut.
ing weight on the dorsum of his foot. 
Hence a “ triple” cannot fully correct 
the deformity and we have to resort to 
such procedures as talectomy and mid­
foot wedge resection. Occasionally a 
pantalar arthrodesis has been the only 
practical solution. A large wedge is 
taken, base anteriorly, from the distal 
end of the tibia, thus partly correcting 
the equinus through the ankle joint 
while at the same time preserving as 
much of the talus as possible to prevent 
avascular necrosis. Severe club feet in 
the adult are not treated.
Congenital dislocation of the hip is 
relatively common. For the first six 
months of life, the Arab traditionally 
wraps the baby with its legs adducted 
and extended in a mistaken attempt to 
avoid the bow-leg deformity of rickets. 
Often seen only after they have started 
to walk, these patients usually require 
operative treatment. A period of trac­
tion after adductor tenotomy and, in 
the older children with a high disloca­
tion, psoas release, bring the femoral 
head well down opposite the true ace­
tabulum. In| children under 6 years of 
age this is followed by open reduction, 
capsulorrhaphy, and innominate osteo­
tomy. In the child between 6 and 8 with 
unilateral dislocation a colonna arthro­
plasty is performed. Children older than 
9 years are generally left alone.
Pyogenic Infection
The septic unit contains 27 beds, 
nearly one-third of the current bed 
space of the hospital. This distribution 
reflects both the large numbers of pa­
tients with osteomyelitis whom we treat 
and the increased length of hospitaliza­
tion that they require. In most of our 
patients with bone and joint infection, 
the lesion is caused by hematogenous 
spread of staphylococci, and the ma­
jority of lesions are already chronic by 
the time the patients reach us. Even 
the acute lesions are frequently two or 
three weeks old before admission, and 
the patient presents with pandiaphysi- 
tis of the femur or tibia, which often 
involves an adjacent joint. Occasionally,
50 THE CANADIAN JOURNAL OF SURGERY Vol. 16
early treatment elsewhere with steroids makes the problem more difficult. The patients’ generally poor nutrition is in large measure responsible for the viru­lence of the disease. These patients are treated vigorously. The infected site is opened widely and the cavity thorough­ly cleansed, after which it is closed over six or eight irrigation and aspiration Hemovac tubes after the method de­scribed by Compere, Metzger and Mitra.6 Local irrigation for 10 to 14 days with saline containing an anti­biotic plus systemic antibiotics, have given a surprisingly high percentage 
of cures, with a useful range of motion of the affected joint.Infected pseudarthroses are man­aged by Judet’s7 method of decortica­tion and immobilization with the ex­ternal fixation device of Hofmann.7 Three threaded rods are drilled into the shaft above, and three below, the frac­ture site and bolted to a bar. Two sets of this apparatus are used at right angles to each other. The procedure is a major undertaking, frequently offer­ing the patient a last chance of keeping 
his own limb.
Our postoperative infection rate in elective cases is below 5%. Before oper­ation, the patient spends 24 hours in the preoperative ward which, like the en­tire aseptic operating wing, is isolated from the rest of the hospital. The pa­tient is bathed and his skin cleaned and prepared for operation. After operation the patient is kept in the postoperative ward, again in the same wing, until he has regained physiologic equilibrium, when he is transferred to a general ward. This pi'ogram, together with the proper sterilization of equipment, care­ful attention to sterile techniques, and the isolation of infected cases, is respon­sible for the relatively low infection rate, much lower than that of Ernest Conseil Hospital where the general con­ditions and physical structure of the surgical service were much poorer and conducive to cross-infection.
Little is known of the pathogenesis of our pyogenic infections, but, in the
near future, we plan tiM start a pro­spective clinical and 'bacteriologic study, including serotyping, to elucidate the problems and perhaps answer some of the questions we have relating to this disease.
Tuberculosis
Tuberculosis is still common, with five or six tuberculous patients in hos­pital at any one time. Pott’s paraplegia tends to resolve itself, at least partially, with bed rest and antibiotics. For those 
patients who do not respond well, or in whom the kyphosis remains mechanic­ally unstable, we do debridement and fusion by the anterior approach with varying degrees of success. Operation is also employed for patients without neurologic involvement in whom se­questra are preventing the sponta­neous interbody fusion that heralds the arrest of the disease. An associated psoas abscess is aspirated thrice week­ly. If the abscess is not diminished at the end of the three weeks, it is excised. Where necessary, the retroperitoneal approach is combined with the anterior femoral approach, and at the same time the source of infection in the vertebral bodies is curetted and grafted.Tuberculosis of joints, particularly the hip and knee, is common. Usually a spontaneous fusion occurs or we do sur­gical fusion, with intra-articular fu­sions after debridement and synovec­tomy. A patient who has a knee fusion by Charnley’s method remains in hos­pital until the pins are removed. Pa­tients sent home with metal protruding through the skin, no matter how care­fully dressed, invariably return with infected pin tracts. Although it era­dicates the disease and provides a pain­less, stable limb, fusion of either of these joints is a great disadvantage to the patient in a culture where squatting is so important for personal and social functions.Again, we know little about the pathogenesis of tuberculosis in Tunisia. Work is going forward on this, and within the next two years our own
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laboratory at Kassar Said should be 
entering this field.
Miscellaneous Conditions
We see little rheumatoid disease. Pa­
tients with cerebral palsy and related 
disorders present socioeconomic prob­
lems with which the country is not yet 
able to deal.
Osteoarthritis of the hip is compara­
tively rare. The few patients with osteo- 
arthritic changes in the knees usually 
have valgus or varus deformities, often 
secondary to rickets; infants are swad­
dled from eyes to feet and kept indoors 
or in the shade to protect them from the 
fierce heat of the desert sun. Osteoar­
thritis of the ankle is a consequence 
of infection or a fracture, usually un­
treated.
Hand and peripheral nerve injuries 
are few because there is little industry 
here. Children sometimes find mines 
and grenades in the fields from World 
War II, and lose both hands and eyes. 
Operations for hand problems are per­
formed mainly by hand surgeons who 
visit us occasionally from the United 
States and France.
Scoliosis is treated with casts on the 
Cotrel orthopedic table,8 using traction 
and surcingles to gain the correction 
(one of the Tunisian brace-makers was 
recently sent to Milwaukee for three 
months to learn the constructive tech­
nique). Posterior spinal fusion is then 
performed with or without Harrington 
distraction instrumentation, again with 
the patient under traction on the Cotrel 
table. An adjunct to these methods is 
the Clapp physiotherapeutic regimen, 
which, unfortunately, is difficult for 
patients to follow closely because of dis­
tance, time and transport. Surprising­
ly, most of our patients with paralytic 
scoliosis due to polio have short, sharp 
lumbar curves, rather than the long, 
classic dorsolumbar C curve.
The Patients
Our patients are often in poor gen­
eral health, undernourished, and
anemic, with skins frequently ingrained 
with earth, and pock marked with in­
fected cuts and abrasions. Two patients 
contracted postoperative tetanus; one 
died from it. The level of education, 
although improving, is still low and 
thus ignorance, combined with super­
stition, makes it very difficult for the 
patient and his family to understand 
and co-operate in his treatment. Plaster 
casts are frequently totally destroyed; 
on his return to hospital the patient’s 
hip spica may be articulated at the hip, 
knee and ankle; at home medical treat­
ment is followed irregularly; the ele­
ments of physiotherapy are ill under­
stood and therefore frequently neglec­
ted.
Discouragement and resignation in 
his social and economic environment 
give the patient little incentive towards 
rehabilitation. The lack of doctors and 
delay before treatment is sought are re­
flected in the different domestic reme­
dies practised by thp--family or some­
one in the village—tattoos (which do 
little harm), poultices which burn the 
skin, and the “ bande domestique” , a 
system of wood slats bound tightly 
around a fractured forearm, which 
sometimes causes ischemia and conse­
quent contractures.
S u m m a r y
Orthopedics in Tunisia is an expen­
sive specialty struggling to survive in 
a small country of moderate means and 
resources. Receiving help from many 
quarters of the globe, it remains, like 
the little, deformed child the specialty 
has to correct, fragile and vulnerable. 
It is typical of so-called “ third world” 
medicine and is carried out in an area 
to which Canada as a bilingual country 
has much to offer.
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R e s u m e
La Tunisie compte cinq millions d’habitants, 
dont 61% ont moins de 21 ans. En 1965, 
CARE-MEDICO crea un service d’orthopedie 
qui fonctionne depuis avec un personnel medi­
cal Nord-Americain qui aident les medecins 
Tunisiens et les travailleurs paramedicaux. 
Devant les problemes sociaux d’un pays comme 
la Tunisie, il a fallu modifier certains aspects 
de la pratique orthopedique classique. Les 
traumatismes represented la moitie des cas, 
mais on note egalement un grand nombre de 
cas de paralysie par poliomyelite et d’anoma- 
lies congenitales. L’auteur passe en revue les 
methodes therapeutiques adaptees aux condi­
tions du pays et le programme de readaptation 
adopte.
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B O O K  R E V I E W S
CARDIOVASCULAR SURGERY 1971. Council on Cardiovascular Surgery, American Heart Association Scientific Sessions, Anaheim, California, Novem­ber 11-14, 1971. American Heart Asso­ciation Monograph Number 35. Edited by Earle B. Mahoney. 161 pp. Illust. American Heart Association, Inc., New York, 1972. $5.00. Paperbound.
An in teresting  review  of th e  m ost im por­ta n t  work in the  field of surgery  fo r valvu lar, coronary and congenital h ea rt disease is offered in th is  volume by the p a rtic ip an ts  of a symposium sponsored by the  A m erican H ea rt Association in  No­vem ber 1971. A b rie f  discussion of p rim ­ary  card iac  tum ours and the  use of a n ti­thym ocyte globulin in hum an h ea rt t r a n s ­
p lan ta tio n  is also presented.The volume contains 23 separate  p re ­sen ta tions. Like all such m ultip le-au thor monographs, it is somewhat disjointed and lacks continuity  b u t there is little  repe­
tition .In  some areas such as m anagem ent of m ain le ft coronary a rte ry  disease and trea tm en t of post-in farc tion  cardiac fa il­ure, a much too pessim istic outlook is p resented . The experience of in farc tecr tomy and closure of ven tricu lar septal ru p tu re  following m yocardial in farc tion  is decidedly encouraging. A lthough th e  views expressed are  opinionated in places, th is  m onograph provides useful read in g  fo r  those fam iliar w ith  th is  field.
W. J. Keon
D epartm ent of Cardiothoracic Surgery, O ttaw a Civic Hospital,O ttaw a, Ont.
CORE TEXTBOOK OF SURGERY. Edited by Richard H. Egdahl, John A. Mannick and Lester F. Williams, Jr. 484 pp. Grune & Stratton, Inc., New York, 1972. $13.50. ($8.75 Paperbound.)
The authors have succeeded adm irably in th e ir  objective—to produce a tex t th a t con­ta ins the essential knowledge of surgery- required by a final year medical studen t or firs t-y ear resident and provide a b i­bliography th a t leads directly into per­tinen t litera ture . I t  is more readable and ju s t as comprehensive as volumes produced 
w ith th is  aim  in the past.As always w ith a m ultiple-author tex t there is some variation in style. In  a t­tem pting to provide the essentials of a vast subject in less than  500 pages, the paragraphs are uniformly filled w ith  a high volume of inform ation. There are  no photographs or diagram s.
This will be an excellent reference tex t­book for clerks and firs t-y ea r residents. I t  is too concentrated to perm it a large por­tion to be read at any one tim e. The an­notated bibliography a t  the  end of each chapter will be particularly  valuable fo r the next few years.
N. T. M cP hedran  
Division of Surgery,U niversity of Calgary,Calgary, Alta.
DAVIS-CHRISTOPHER TEXTBOOK OF SURGERY. The Biological Basis of Modern Surgical Practice. 10th ed. Edited by David C. Sabiston, Jr. 2135 pp. and index. Illust. W. B. Saunders Company, Philadelphia; W. B. Saunders Company Canada Limited, Toronto, 1972. $28.35 (single volume), $36.05 (two-volume set).
The expressed aim of th e  te n th  edition  of D avis-Christopher’s “Textbook of S u r­gery” edited by Sabiston is to “meet the  needs of medical s tu d en ts , residen ts, p rac tis ing  surgeons and teach ers  of m ed­icine” . To accomplish a ll of th is  in one volume is no small challenge, y e t the  la te s t edition of th is old favou rite  su rg i­cal tex t, w ith its 2135 pages, 2% inches in thickness, 7% lbs. in w eigh t and 214 au tho rs , has done ju s t  th a t. A dditional m ileage is gained, b u t a t  some cost, from  sm all type and th in paper.The subtitle “The Biological Basis of M odern Surgical P rac tice” is fu lly  ju s t i ­fied by the sections on anatom y, physio­logy, biochem istry, im m unology, p h a rm a­cology and pathology th a t  accom pany th e  clinical descriptions.The illustra tions a re  generous and clear. The references a t  th e  end o f each section are particularly  valuable and in ­clude standard  references, selected r e fe r ­ences w ith  an app raisa l o f th e ir  con ten t, and in some cases i-eferences to c lassic  descrip tions of the  disease en tity .The sub jects of orthopedic, urologic, gynecologic and neurologic su rg e ry  are  included bu t of course a re  d ea lt w ith  in less detail th an  in specia lty  tex ts.The final claim  to com prehensive cov­erage comes w ith  the add ition  o f a  ch a p te r  on the com puter and com puter-based p a ­tie n t m onitoring.In  sum m ary, th is  book upholds it3 fine repu ta tion . A lthough its  m onolithic size may a t f irs t  s ig h t overwhelm  the  stu den t, the c larity  of its  p resen ta tion  w ill so in-
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terest him that the way will seem shorter. 
It is recommended to students who prefer 
a comprehensive text to a simple-hand­
book.
L. C. Bartlett
Department of Surgery,
Winnipeg General Hospital,
Winnipeg, Man.
HEMOBILIA. (Biliary Tract Hemor­
rhage). History, Pathology, Diagnosis, 
Treatment. Philip Sandblom. 146 pp. 
Illust. Charles C Thomas, Publisher, 
Springfield, 111.; McGraw-Hill Ryerson 
Limited, Toronto, 1972. $19.75.
Doctor Sandblom’s monograph provides 
an excellent and lucid discussion of a 
condition which is unfamiliar to many 
surgeons and which should be thoroughly 
understood by all. It illustrates so well 
the importance of an objectively re­
searched and personally experienced ac­
count to impart the necessary knowledge 
concerning a disorder which is so fre­
quently overlooked. In a style notable for 
its clarity and expressiveness the history, 
pathology, diagnosis and treatment of 
hemobilia are discussed in Part I. Part 
II covers the etiologic groups of trauma, 
inflammatory and vascular disorders. The 
entire text comprises 117 pages with an 
extensive bibliography of 410 references. 
Excellent illustrative case histories are 
presented throughout.
This should be read by students, resi­
dents and practising surgeons for infor­
mation and as an example of the highest 
degree of scientific and scholarly thought 
and writing.
J. B. L ittlefield
Department of Surgery,
Memorial University of Newfoundland,
St. John’s, Nfld.
THE HUMAN SPINE IN HEALTH AND  
DISEASE. Georg Schmorl and Herbert 
Junghanns. 2nd American edition trans­
lated and edited by E. F . Besemann. 
504 pp. Illust. Grune & Stratton, Inc., 
New York; Longman Canada Limited, 
Toronto, 1971. $43.70.
This second American edition, translated 
from the fifth German edition of 1968, 
is a very good book and almost an en­
cyclopedia. The detailed description of 
development, growth, anatomy and func­
tion of the spine is excellent. The radio­
graphs and illustrations throughout the 
text are outstanding. Generally, the de­
scription and discussion o f malforma-
(Continued on A dv. page 27)
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k  tions, pathological anatomv and patho­
physiology of the spine are well presented 
k and informative. It would be rare to find 
in any text a better discussion and illus- 
v tration of the pathological anatomy of the 
intervertebral disc.
w Criticism may be directed to the chap­
ter on history and examination. Here 
„ there is little correlation or interpreta­
tion of history and physical signs with 
k  pathological findings. It is not helpful to 
a clinician. The chapter Hereditary Dis-
* ease, Osteoporosis and Osteomalacia re­
flects the literature of 10 to 12 years ago.
i  The description of spondylolisthesis and 
scoliosis presents meticulous detail al- 
k though the discussion of treatment is 
somewhat disappointing. Although the 
* bibliography is extensive (70 pages) it is 
not related closely to the text and many 
A important English references are omitted.
This is an excellent reference work 
> that should be in all medical libraries and 
available to those who have a special in- 
^  terest in the spine. It is worth the price 
for the illustrations alone. Probably it 
» would not be considered of great value by 
those whose interests are confined to 
. treating patients with backache, although 
their understanding of the problem would 
be considerably enhanced by reading the 
book.
F. P. Patterson
Department of Surgery.
Vancouver General Hospital,
Vancouver, B.C.
MAMMAKARZINOM. Diagnose und Dif- 
ferentialdiagnose. Hans-Klaus Zinser. 
134 pp. Illust. Intercontinental Medical 
Book Corp., New York; Georg Thieme 
Verlag, Stuttgart, 1972. DM 29,70. $8.70 
(approx.). Paperbound.
The continuously increasing incidence of 
breast cancer observed over the last few 
decades (mainly in younger and middle 
aged women) and prolonged morbidity and 
high mortality rates of this condition 
prompted the publication of this short 
monograph. The author provides a full 
description of all important aspects of 
breast cancer, from the local examination 
of the breasts to the method of assessment 
of the stage of tumour growth. The ma­
terial is logically organized and com­
plemented by recent statistics. A detailed 
description is given of all methods of ex­
amination that assist in the early detection 
of the growth. Early diagnosis appears to 
be the only means presently available for 
the control of this dread disease. This 
monograph should be of assistance to all
(Continued on Adv. page 29)
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The experts report: “ The importance of the B- 
Vitamins and Vitamin C in the healing of wounds 
is well known.’’1 . . the traumatic experience 
of an operative procedure may induce relative 
vitamin deficiency states.” 2 And unbalanced 
diets or inadequate food intake before hospitali­
zation and during convalescence can put an 
even greater physiological strain on the patient.
That’s wnere Allbee with C-550 comes in. 
With its more-generous-than-ever amount of 
Vitamin C plus the B Vitamins, it amply fulfills 
increased requirements and compensates for 
deficiencies. So it builds up pre-operative pa­
tients and helps speed post-operative recovery.
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mg.; Riboflavin (B2), 10 mg.; Py- 
ridoxine hydrochloride (B6), 5 
mg.; Niacinamide, 50 mg.; Cal­
cium d-pantothenate,10 mg.; 
Ascorbic acid (C), 550 mg. 
Available at pharmacies in bot­
tles of 30, 100 and 500 on your 
prescription or recommendation.
-A
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physicians in the first line of combat 
^ against breast cancer.
L. G. Farkas
Research Institute,
Jk. The Hospital for Sick Children,
Toronto, Ont.
k
MODERN TRENDS IN PHYSIOLOGY— 1. 
Edited by C. B. B. Downman. 318 pp. II- 
lust. Butterworth & Co. (Canada) Ltd., 
Toronto; Butterworth & Co. (Publisher) 
Ltd., London, 1972. $25.05.
Like all “ Modern Advances in This” and 
* “Recent Trends in That” this volume
suffers from some uncertainty over aims 
‘  and objectives. The publisher maintains
that “both academic physiologists and 
*■ practising physicians will find this book 
an indispensable guide to the present state 
a of the science.”
It provides an up-to-date summary of 
r selected physiologic topics, provided by con- 
tributors whose eminence in their speci- 
r alized fields assures a certain weighty 
respectability. It contains good sections on 
*  heat production and the regulation of body 
temperature, cerebellar function, circadian 
 ^ rhythms, the placenta, and the central 
chemical regulation of breathing. Anyone 
attempting research in these areas, whether
they call themselves physiologists or not, 
is likely to find this volume helpful. It is 
too advanced for an undergraduate student, 
of little value to an internist or surgeon 
in training and completely useless for a 
practising physician— unless he reads phy­
siologic texts for relaxation.
Perhaps this kind of review is aimed at 
the graduate student in physiology. In this 
case don’t look for this title on the lists of 
best-sellers, because graduate students in 
physiology are few and far between— and 
too hard-nosed to spend $25.00 on any one 
book.
R. M. Preshaw
Department of Physiology,
University of Toronto,
Toronto, Ont.
OUTLINE OF FRACTURES. Including 
Joint Injuries. 6th ed. John Crawford 
Adams. 312 pp. Illust. Churchill Living­
stone, Edinburgh; Longman Canada 
Limited, Toronto, 1972. $8.00.
As attested by many previous favourable 
reviews, this continues to be an excellent 
and useful book. The material is well 
organized so as to be easily accessible 
and the bibliography is valuable for resi­
dents and practitioners.
Two criticisms may be offered, based 
(Continued on Adv. page 32)
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